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| on the Sciences, while your Cul» 
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the Power entruſted to you by his Im- | 
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their kindly Influence. Your Atten- 
tion unfolds the Abilities of Men, and 
.creates a Multitude of uſeful Citizens. 


Your beneficent Activity affords a thou- 


fand Reſources to all thoſe who devote 
their Talents to ſcientifical Purſuits; 


and with this View in particular, you 
enrich the Royal Cabinet of Natural 


Hiſtory at Pavia, by procuring from 
various Parts numberleſs Specimens 
equally rare and valuable. 


Ves, Sir, it is You, in whom Europe | 


beholds with Admiration the intereſting 
Spectacle of a Miniſter, who conceives 


that he is faithfully diſcharging his 


Duty to his Prince, while he enlightens 


at once the Country and Age in which 
he lives; and whoſe Relaxations from 


Toil, cönſiſt in ſeeking in newAcquiſitions 
of Knowledge, the Means of increaſing 
che Number of happy Individuals. 
Allow me therefore, Sir, to ſolicit 
Four Indulgence for the Work which 1 


en to offer, as a ſmall Token of 2 
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my lively Gratitude for the many Fa- 


vours which you have been inceſſantly 
heaping upon me. That Sentiment 
will be ever deeply engraven on my 
Heart, together with the profound Re- 
ſpect with which I have the Honour to 
Bl PE et 


| Your moſt humble 


and moſt obedient Servant 


LAZARUS SPALLANZANI, 
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TRANSLATOR's PREFACE. 


LONG eſtabliſhed cuſtom feems to have 
1 conferred upon tranſlators, the right of 
annexing every epithet of praiſe, which lan- 
guage affords, to the name of their author. 
But of this privilege, however valuable, it 
is not my deſign now to take advantage, 
The celebrity of the fayourite friend of a 
Charles Bonnet, and of the philoſopher, to 
whom the dying hand of Haller conſigned 
the defence of Truth and Nature, would not 
receive much addition from the encomiums 
of a writer, who chooſes to conceal his name. 
Yet as ſome uncommon experiments related 
in the following volumes, may draw the at- 
tention of perſons but flightly acquainted 
with Natural Hiſtory, I think it my duty to 
endeavour by ſome means to engage their 
confidence, leſt that which conſtitutes one 
of the chief excellencies of the work ſhould, 
A 4 by 
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by creating ſcepticiſm in the reader, prove a 
diſadvantage to it. Nothing appears more 


likely to ſhew what degree of confidence 


may be repoſed in the philoſopher, whom I 
introduce, than an enumeration of the ſer- 
vices which he has already rendered to this 
uſeful and amuſing branch of knowledge. 
And I undertake this taſk the more willingly, 


ſince I have obſerved that they are not very 
diſtinctly known, even to ſome who are em- 
ployed in this country in nn of the 
ſame nature. . 


To ſever the different parts of animals, is 
one of the moſt effectual means of deſtroying 
them. If therefore I ſhould aſſert that this 
treatment will multiply ſome animals, and 


do no injury to others, the propofition 


will probably appear, in the eyes of thoſe 
to whom this Preface is principally ad- 
dreſſed, to have all the extravagance of fable. 
Nothing, however, is more certain. About 
the middle of the preſent century Reaumur, 


the great French philoſopher, diſcovered 


that ſome cruſtaceous animals have the power 
of reproducing the laſt joints of their legs. 
Soon afterwards, the regard of the world 
was more powerfully attracted towards this 
topic of Natural Hiſtory, by Trembley and 
Bonnet: From their obſervations it appears, 


that 


— 
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that polypes, and ſeveral ſpecies of worms, 

are capable of forming anew thoſe parts, of 
which they have been deprived by defign or 
accident. Some, however, of theſe animals are 


conſtrued with ſo much ſimplicity, and they 
all occupy ſo low a place in the ſcale of exiſt- 


ence, that Phyſiologiſts were not diſcouraged 
from attempting explications'of phenomena © 


ſo unexpected and ſo repugnant to received 
opinions. Their gelatinous conſiſtence, their 
ductility, their uniformity of organizatiop; 


_ afforded a ſpecious foundation for the theory 


of animal reproductions (a). But the hiſtory 
of every ſcience ſhews, that at the dawn of 
new diſcoveries, the light is too feeble to 
guide Reaſon in her progreſs towards Truth, 
A ſhort time evinced, that other principles 
are neceſſary to the explanation of this won+ 


derful property. In 1768, Spallanzani pub- 


liſhed his famous Proſpectus, in which he 
announced, that decapitated ſnails not only 


ſurvive this dangerous operation, but regene- 

rate the part which they have loſt, and that 
the water-newt reproduces its legs and tail. 
He moreover aſſerts, that the ſame preroga- 


tive belongs to frogs and toads in the form of 


tadpoles. Ever ſince the date of the Pro- -. 


ſpectus, the diſcovery concerning ſnails has 
(a) See Contemplation de 1a Nature, Pattie 9. 
| | been 
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been a ſubject of controverſy. The petulance 
of Voltaire, prompted him to level the ſhafts 
of ridicule againſt the Italian Naturaliſt. 
But he had more formidable opponents. The 
celebrated meteorologiſt, Abbe Cotte, Adan- 
fon, the Hiſtorian of Senegal, and Bomare, 
the compiler of the Dictionary of Natural 
Hiſtory, concurred in attacking him. Their 
objections are founded upon numerous ex- 
periments, in all which the ſnails periſhed in 
very different times, indeed, after the ſepara- 
tion of the head, but without the leaſt token 
of reproduction. This contradiction impo- 
ſed upon the author the neceſſity of vindicat- 
ing the reality of his diſcovery, and he ac- 
cordingly, in the Avant Coureur, a French 
periodical paper, deſcribed the manner in 
which his experiments had been made. Nor 

does his teſtimony ſtand ſingle and unſup- 
ported: it has been confirmed by obſervers - 
of no vulgar order; by Lavoiſier, by Shœffer, 
by Bonnet and Senebier, fo that no weight 
can now. be allowed to the negative refults of 


theſe who oppoſed the diſcovery. Though 


the work, which thus created a ſchiſm among 
Naturaliſts before its publication, has been 
ſo long delayed, it has not been abandoned. Its 
appearance may ſoon be expected. Beſides 
the curious experiments which I have men- 

tioned, 
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tioned, it will contain many upon the earth- 
worm. ** Spallanzani, ſays Mr. Bonnet (a), 
has far outſtripped his predeceſſors. He firſt 
obſerved ſeveral ſucceſſive reproductions of 
the head in the ſame individual. He has 
ſeen pieces cut out of the middle of the body, 
become compleat worms, by producing a new 
head and a new tail. He has varied the 
tranſverſe ſections, and determined the points 
at which reproduction no longer takes place. 
He has aſcertained what length every piece 
muſt have, in order to regenerate a complete 
animal. He has traced with care the mode 
and progreſs of the regeneration. He has 
alſo varied the longitudinal ſections. He has 
attempted, but without ſucceſs, to form 
Hydras.” It is therefore not unreaſonable 
to infer, that the novelty and variety of the 
experiments, will amply cocnpeniate for the 
delay. 

The next conſiderable work of peil nd 
was a ſeries of obſervations on the circulation 
of the blood. On a function which has hoe 
ſtudied with ſo much diligence by ſucceeding 
phyſiologiſts, from Harvey to Haller, mo- 
dern ingenuity could not be expected to throw 
much light. The illuſtrious anatomiſt, 


kh RY: de la Nature, P-.249- Eq, nouvelle 
en | | 


whom 
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whom 1 have laſt named, had excluded mot 
of the auxiliary powers, which, according 


to preceding enquirers, concur with the heart 


in producing the perpetual motion of the 
blood. But the Italian Profeſſor, whoſe ob- 
ſervations were made upon cold animals and 
on the chicken, attributes this effect to the 
heart alone. He allows nothing to the con- 
traction of the veſſels or any other co-operat- 
ing cauſe. He ſhews, that in arteries and 
veins. of equal diameter, the blood moves 
with equal velocity. I need not inform the 
reader, that the rapidity of motion was very 
generally ſuppoſed to be much greater in the 


former than in the latter claſs of veſſels. 


Many ſuppoſe, that the arterial blood moves 
more ſlowly, as it is at a greater diſtance from 
the heart. From his numerous obſervations, 
Spallanzani concludes, that it moves at leaſt 
very rapidly in the capillary veſſels of that 
8 | 

The velocity of * venous blood appeared 
to increaſe regularly from the largeſt to the 
ſmalleſt veins. In the latter the author con- 
cludes upon the whole, that it is three times 
as great as in the former. Though this de- 
duction may ſeem in ſome meaſure to coincide 
with the doctrines of the mechanical ſect of 


106 wa yet the laws of hydraulics are 
very 


TRANSLATOR'SPRETACE. ail 


very far from being ſtrictly obſerved here. 
For as the ſum of the diameters of the ſmall 
veins many times exceeds the ſum of the 
diameters of the large veins, the difference 
of velocity ought to be much greater. 
The phænomena that offered themſelves 
to the obſerver's regard in the aorta, were new 
and curious. In the part contiguous to the 
heart, the motion of the blood was unequal, 
and even ceaſed during the time of diaſtole. 
This alternate ſtagnation became gradually 
leſs diſtin, as the diſtance from the heart 
increaſed, and towards the more remote region 
of the aorta totally diſappeared. The velo- 
city, however, was not ſo great towards the 
end of this principal artery, during the time 
of the dilatation of the heart, as during its 
contraction. This remarkable inequality va- 
niſhes altogether in the arteries of middle 
fze, ſuch as the pulmonary and the meſen- 
teric, and the motion of the vital fluid becomes 
quite regular and uniform. 
Haller, whoſe obſervations on the . 
hae 10 widely illuminated phyfiology, 
ſeems to have. been deceived with reſpect to 
the primitive colour of the blood. The 
blood-veſſels have, according to him, a tinge: 
of yellow. But the yolk, communicating 
its hue to them, deceives the eye of the ob- 
| ſerver. 
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ſerver. The addreſs. of Spallanzani has diſ- 
ſipated the illufion. He detached the vaſcu- 
lar membrane from the yolk, and ſetting it 
upon a plate of glaſs, found that the yel- 
low colour diſappears, and | is fucceeded by a 
_ pare red. 

Of the red particles of the blood he ob⸗ 
ſerved, that they do not turn round, accord- 
ing to a common ſuppoſition, upon their own. 
axis, and that they have merely a progreſſive 


motion along with the other conſtituent parts Jo 


of that fluid. ti 

Thus the teſtimony of Spallanzani may be 
added to that of others, in order to prove, 
that the laws to which inanimate matter is 
ſubje&, cannot be applied to living bodies. 
It could not, however, be expected, that 
mechanical phyſiologiſts would yield without 
a conteſt to this attack upon their theory. 
Accordingly Prochaſka, a phyſician of Vi- 
enna, has attempted to overturn theſe obſer- 
vations. But his objections will only ſerve 
to ſtrengthen the cauſe of his adverſary; and 
it would be eaſy, if this were the proper 
place, to expoſe their futility. It may per- 
haps be ſufficient to remark, that he has not 
taken up the microſcope, and ſeen the con- 
trary of what is related by the Italian Pro- 
feſſor, but with a temerity that can ſcarcely 

3 | | | be 
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be too much reprobated, has oppoſed reaſon- 
ing to experiment. 

Thoſe diminutive beings that babe in- 
fuſions and the ſeminal fluid, have been more 
ſignalized than larger animals, by the diſputes 
and the theories of philoſophers. Since the 
zra of that diſcovery, which laid open a 
world before inviſible to human inſpection, 
Naturaliſts have enquired into their origin 
and nature with anxious curioſity, but with 
a degree of ſucceſs by no means proportional 
to their labour. The ſubject was involved in 
uncertainty and contradiction, when Spallan- 


Zani undertook to inveſtigate it; and in this 


enquiry, in which the union of gemus and 
patience, invention and aſſiduity is fo indiſ- 
penſably neceſſary, it will not be difficult to 
ſhew, that he has ſucceeded better than any 
other obſerver. In the year 1765, he pubs 
liſhed Microſcopical Obſervations relative to 
the Syſtems of Generation of Meſſrs. Needham 
and Buffon. Continuing to ſtudy this cu- 
rious ſubject with unremitting attention, he 
produced ten. years afterwards a larger work, 


in which moſt of his former ideas appear con- 


firmed by many repetitions, and amplified by 


important additions. Of this work I am 


about to gratify Tr reader, mn a beit ana- 
17. 7 | 
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to aſcertain the effects of heat. He boiled, 
roaſted, and even calcined ſeveral ſubſtances; 


the ſubſtances that were boiled longeſt were 


is the power of heat under theſe circum- 
the 92 or 93* of Fahrenheit's thermometer. 
The more diminutive ſpecies ſuſtain, in cloſe 


not for three quarters. The author, deſirous 


found in the firſt place, that the eggs of cer- 


His firſt eſſays were made with a view 


but theſe violent proceſſes, when conducted 
in open veſſels, did not prevent the appearance 
of the animalcules. Nay, the infuſions of 


the moſt populous for boiling, by haſtening 
their decompoſition, contributes to à more 
exceſſive multiplication. In veſſels hermeti- 
cally ſealed, very different phænomena occur. 
The larger kinds (for theſe animalcules differ 
very widely in ſize) do not appear if the in- 
fuſion boils a ſingle ſecond; and ſo deleterious 


ſtances, that they are not evolved ina warmer 
temperature than that which is marked by 


veſſels, a boiling heat for half an hour, but 


of illuſtrating his ſubject by reſemblance and 
contraſt, was very naturally led to enquire 
how far other animals and vegetables are ca- 
pable of reſiſting the effects of heat. He 


tain animals poſſeſs this privilege in a more 
eminent degree than the animals themſelves. 
Thus tadpoles and frogs periſh at 110*, 111*, 
whereas no degree of heat ſhort of 133 de- 
| ſtroys 


I 
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ftroys their eggs (a). Silk: worms, and the 
erucæ of the butterfly of the mountain aſh, 
are unable. to ſuſtain the degree of heat ex- 
preſſed by 108*; but the eggs of both theſe 
ſpecies are not rendered unprolific by any de- 
gree lower than 1335, and many bear an hot- 
ter temperature with impunity. La flies 
die at 99 +, their nymphs 11d), 1117 their 
maggots at 108˙k1 and the e are 190g ; 
1 . 

The ſame law extends to ale and the 
ſeeds from which they ſpring: The' ſeeds 
of the bean, the French bean and trefoil, 
ſuſtain unhurt the heat of boiling water, 
whereas the plants themſelves are deſtroyed 
by the temperature deſigned by me 167th of 
Fahrenheit's thermometer. 

The ſeeds of plants are more capable of 
reſiſting the action of fire than the eggs of 
animals. Of the former, all on which the 
experiments of Spallanzani were made, re- 
ſiſted a dry heat of 167, and many of 2122. 
But not a ſingle egg was hatched after it had 
ſuſtained the i of F Went S thermo- 


meter . 


(a) It will be "oy in the ſecond W that theſe 
ies are not eggs; but this circumſtance does not in 
any way affect the reſult of the * 


Vo L. J. a I ay 


81 — . . ̃— ot. 
act ROE EDD T7 ah Mea 9 xy * MIO ERS My WI * 


9 
* 11 8 
* , 


xvii TRANS LA TOR's PREFACE. 


nd | I 1 fay a dry heat, becauſe it appears that fire, 
_ in combination with Waters acts with greater 
4 efficaſ p. 

Thus, if we except the Los animalcules ; 
oy of infuſions, the analogy between the inha- 
1 bitants of the microſcopical and the viſible 
= World is complete, and thus every new ob- 
=_ ſervation in- Natural Hiſtory, affords a freſh 
= example of the beneficent care of Provi- 
Wo | | dence. By what means HR, whoſe wiſdom 
=_ has ordained, that the generations of created 

un | beings ſhould follow. each other in a regular 
Ji} | ſucceſſion, has ſecured this privilege to the 
1: rudiment of the future animal, who does not 
' 3 with to be informed But its extreme mi- 
| A Þ nuteneſs keeps it ſo remote from every ſenſe 
1 of man, that the imagination is left to form 
1 conjectures unaſſiſted and alone. The dif- 
ference, which is great, and conſiſts of many 
degrees of heat, forbids us to ſuppoſe that 
the covers, under which the germ is lodged, 
can be the cauſe. of 10 remarkable an effect. 
Nor can its ſmallneſs be admitted as a ſatis- 
factory reaſon, ſince we cannot but ſuppoſe 
the particles of heat to be ſill ſmaller. Is 
the phenomenon owing to the dimneſs of 
the ſpark of life? Analogy teaches, that this 
ſpark is leſs eaſily extinguiſhed in thoſe caſes 
where it is leſs vivid. Thus animals in a 
ſtate 


author found, that the anima. 
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ſtate of torpor do not ſo ſoon die after violent 
operations, ſuch as decapitation, as when the 


vital energy is ſtrang ; and inſects plunged in 


water, do not drown in winter ſo ſoon as in 
ſummer. The hypotheſis is not without 
plauſibility, and the Phyfiologiſt will ſup- 
poſe, without much reluctance, that the 
principle of life is leſs intenſe before un 
dation. 

The Author next paſſes, by an eaſy tran- 
ſition, to an examination of the effects pro- 
duced by cold. He found that the germs of 
theſe minute beings reſiſt a very ood, cold. 
The animalcules themſelves of a ſmaller 


ſpecies are not deſtroyed, as long as the water 


retains its fluidity. And even in this caſe, 
it is the congelation of the water, and not 


the abſence of heat which proves fatal ; for 


in water, in which the thermometer ſunk: 
16* below the point of congelation; but 


which, by being kept at reſt, was prevented 
from being frozen, they ſurvived, though 


their movements became indeed leſs brifk. 
It deſerves to be remarked, that the ſpecies 
which ſuſtained this rigorous temperature, 
agreed perfectly in appearance with thoſe | 


which hore the greateſt heat. 


In the proſecution of his experiments, the 
Icules of infu- 
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fions are deſtroyed by the odour of camphor 
and turpentine, by the ſmoke of tobacco and 
the vapour of ſulphur, by urine and other 
ſaline ſubſtances. The electrical fluid alfo 
kills them inſtantaneouſly, and they agree 
with other animals in requiring the influence 
of the air for the ſupport of life. Some 
ſpecies, however, are entitled to the notice 


of the Naturaliſt, on account of the length 
of time during which they live in void ſpace. 


If ſome periſh in a day or two, there are not 
wanting others which can ſupport the abſence 


of air for a month. Nor do they immedi-. 


'ately diſcontinue the exerciſe of their func- 


tions,. or abate of the . of their 


motions. 
Since experiment has ſucceeded to conjec- 


ture, and obſervation grown more accurate, 


men have diligently endeavoured to trace, by 


| deductions from facts, the origin of animated 


beings. Among the ſyſtems which have 


been invented, ſeveral have been built upon 


the inhabitants of infuſions, and the ſeminal 


fluid. Writers, finding nothing in the pro- 


duction of large animals to favour their para- 
doxical opinions, have ſought for refuge in 
the obſcurity of minuteneſs. Needham aſ- 


ſerts, that certain filaments, obſervable in 


intulions, are animated by an internal expan- 
five 
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five ſpirit, and that after ſwelling and per- 

forming certain 4rregular progreſſive motions, 
they divide into ſmall pieces, which being 

more and more exalted by the expanſive force 
that is continually purifying them, are at 
laſt converted into microſcopical animalcules. 
This wonderful tranſmutation of vegetables 
iato animals, Spallanzani has diligently, but 
in vain, ſought. He has ſeen animalcules 
appear before filaments, he has ſeen animal 
cules in infuſions which never produced any 


filaments, or in other words, any mould, and” 


he has ſeen. filaments where there were no 
animalcules. Beſides theſe decifive obſerva- 
tions, he has diſcovered the ſource of Need- 
ham's errors. Among the animalcules of 
infuſions, there is a ſpecies diſtinguiſhed by 
a long filament at the poſterior part of the 
body, by means of which it fixes itſelf to 
the ſmall vegetable productions; this ſpecies 
18 multiplied by the diviſion of one individual 
into ſeveral others. It muſt likewiſe be v, 


remarked, that among microſcopical ve-' 


getables, there are funguſes in miniature. 


They conſiſt of a large head peer 50 


by a flender ſtalk. The miſtake, there 
fore, which gave riſe to all theſe wild ideas 
concerning generation, was ſufficiently natu- 
ral. It conſiſted only in confounding two 

| "6 productions, 
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mong the moſt curious phænomena which 
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rowed from a deſcription of fairy-land. It 
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p productions, which, though they are ſo a 


ſentially different, do not 11 agree in out- 


ward appearance. 
The various ways in which the 850 


ſpecies of animalcules are multiplied, are a- 


the microſcope diſcovers, Some divide into 
equal parts; the reader will have a clear con. 
ception of this mode of diviſion, if he will 
form to himſelf the idea of an inflated blad- 
der, with a ligature thrown round the mid- 
dle of it. This will repreſent the firſt aps 


| pearance of diviſion. The tranſverſe furrow 


gradually becomes deeper and deeper, and at 
laſt the two individuals are connected only 
by a point. Then an unexpected ſcene paſſes 
befote the eyes of the ſpectator. The other 
animalcules, though they : at all times beſides 
carefully avoid impinging againſt each other, 
now ruſh, by one conſent, upon the place of 
diviſion, and the aſſiſtance they thus afford, 

together with the efforts of the united indi- 


viduals, at laſt effects a ſeparation. This ap- 


pearance of ſocial inſtinct, in beings placed 
at ſuch a diſtance from thoſe which we are 
moſt accuſtomed to contemplate, will perhaps 
ſeem apoeryphal to thoſe to whom I am 
writing, ſo much has it the air of a tale bor- 


is 
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is therefore proper to inform them, that it 


other naturaliſts of veracity equally unſuſ- 


pected. Nor are examples wanting of a na- 
tural diviſion among e more bee AC-. 


cCeſſible to the ſenſes. 


Some ſpecies are multiplied 15 A Wande 
ud diviſion, which ſometunes begins at the 
fore part of the body, and ſometimes at the 
hind part. Thus far the diviſion is equal; 
but there are alſo examples ef inequality, a 
ſmall piece _ being ay from ſome 


kinds. 


A ſuperficial ue borate two gs: | 
bules, may in ſome inſtances be perceived. 
The obſerver ſuppoſes that this ſtricture will, 
as before, become gradually deeper, till 
it terminates in a point, but is fen by 
an inſtantantaneous ſeparatioͤn. 

Groups confiſting of four or five globules, 


are often ſeen to float for ſome time in an in- 


fuſion, and afterwards to ſeparate into bodies, 
which are at firſt round, but in time are ſplit 
into lobes, that ſeparate in the ſame manner. 

There is another mode of diviſion yet more 


extraordinary. Let the reader imagine a ſphe- 


rical body formed of concentrical ſtrata, of 


which each confifts of a number of ani- 


malcules. Thoſe which compoſe the ſuper- 
324 a 4 flicial 
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ficial ſtratum, part from the others, and ſwim 
about the liquor. The next in ſucceſſion do 
the ſame, and ſo on till the 1 is decam- 


poſed. 
Theſe are not, as may very 3 be 


imagined, a cluſter of animalcules that unite 
and ſeparate at will. The author's obſerva- 
tions ſufficiently prove the contrary, for when 


he kept one apart from. the reſt, he found 


that it grew in three or four days to a perfect 
| reſemblance of the ſphere from which. it 


ſprang. 
Of theſe modes of multiplication, it may 


in general be obſeryed, that they are for- 
warded by heat, and retarded by cold. The 
diviſion which in winter requires ſeveral 


hours, is in ner cffected 3 in a quarter 9 
an hour. | 

The inhabitants of ofakone afford ovipa- 
rous as well as viviparous individuals. In 


all multiplication is exceedingly rapid. A 


ſingle individual ſoon produces an offspring 


too numerous to be counted; and the quantity 


in a ſhort time ſurpaſſes not only belief but 


imagination. Their number, ſays the au- 
thor, exceeds that of the integrant parts of 


the fluid. All putrefying ſubſtances, and 
water of every kind, contain prodigious mul- 


Let 


. 
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Let the reader now reflect upon the quantity 


of running, ſtagnating, and ſalt water, and 


then let him try to conceive the nn of 


theſe animals. 


If unſatisfied e ſhould ſeek to pe- 
netrate yet a ſtep further into the origin of - 
animalcules, the experiments of Spallanzani 
will ſupply the means of gratification. As 
the phials in which infuſions are contained 
are more or leſs cloſely confined, a ſmaller or 
larger number of animalcules appears in 

them. Hence it is probable, that the at- 


moſphere is the mighty magazine in which 


Nature has repoſited her immenſe ſtores of 
the germs of theſe diminutive beings. 

The manner and variety of their move- 
ments deſerve likewiſe to be noticed. Some, 
like eels, proceed by the contortion of their 
bodies; points and filaments growing out of 
the body are the means by which others are 
enabled to advance. Some move lowWIy, 
others with a ſwift pace. Several ſpecies are 


diſtinguiſhed from all other productions of 
creative wiſdom, by being unacquainted with 


repoſe. In one ſpecies certain filaments placed 


at the poſterior part of the body, by being 
| alternately bent, and ſuddenly made ftreight 
again, project the animal to a great diſtance, 


as an arrow is ſhot from a bow. Some con- 
„ | | tinually 


8 1 


uw 


«Uk, en” ne eres * Anppopor— 
RR" r 
— _ 


un egy r 
* > * = 
. 1 — oa 

7 - an : " — 1 1e 3 2 = 
© 49 EA eee ONS we PT 3 - > SY RET ets _ S Ren. 5 N 
— . 

2 N 2 ad Tp ? A * — WTF I NE" 0 ROM - rn bs : — N 
* 7 9 Ae 7 g a Þ ad * > N n en 
« * bd o 


— 4, tn 
- 1 
r — os 
: — g Ir 
5 e n vo 


. —— 


i TRANSLATOR's PREFACE. 


 tinually revolve like tops upon their own 
axis, but this e motion is ade 
with a progreſſive one. 


The means by which they th "VER life, are 
not the leaſt engaging part of their hiſtory. 


Some excite an eddy by moving rapidly the 
filaments that are placed round the opening 


of the mouth, and thus draw towards them 
the particles of food that float in the liquor. 
Others, with all the ferociouſneſs of rapa- 
cious animals, purſue their weaker fellows. 
In theſe, which may be termed animalcules 
of prey, it is pleaſant to behold the repvſe 


that, follows fatiety, and the exertions _— 


are excited by hunger. 
This ſketch ſhews, with ſacient. evi- 
dence, the falſehood of the principles upon 
which Needham has conſtructed his ſyſtem of 
generation. The animalcules of infuſions 
neither ſpring from vegetables, nor can they 
be conſidered as other than real animals. 
Having atchieved the overthrow of Need- 


ham, Spallanzani proceeds to encounter a 


more formidable antagoniſt. Buffon, whoſe 
ſkill in compoſition has reſcued the French 


language from the imputation of feebleneſs 


and want of nerves, has founded a theory of 


generation on the corpuſcles, which the mi- 


W diſcovers in the ſeminal fluid. This 
fluid 
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fluid he affirms to be at firſt full of ramified 
filaments, which, after a certain ifiterval, 
burſt and emit a number of ſmall oval bodies, 
attached to the filaments by a long thtead. 
After ſome oſcillations they liberate them 
ſelves and move about, though but lowly, 
on account of the incumbrance of the long 
thread or tail which they are obliged to drag 
after them. They afterwards loſe this thread, 
and then their- motions become quicker. 
Some ſeem to change their ſhape and fize, and 
then alſo the velocity of their movements grows 
gradually greater. Theobſeryerfrequently ſes 
the oval changed into the globular figure, 
and one corpuſcle divided into two. Buch 
are the obſervations from which the French 
naturaliſt concludes that theſe corpuſcles are 


not real animals. The loſs of their tail, the 


change of their figure, their formation under 
the eye of the obſerver, their divifion and 
gradual diminution of bulk, are circum- 
ſtances which, in his opinion, concur to ex- 
clude them from the animal kingdom. But 
as they have ah innate power of motion, ahd 
ſhew ſigns of vitality, he on the other hand 
ſeparates them from inanimate matter, and 
creates a particular order of exiſtences, under 
the title of organic molecules. To theſe mole- 

| eules, 
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cules caſt in certain internal moulds, he at- 


tributes the formation of all animated beings. 
1 But this theory can no longer ſubſiſt with- 
5 | out other proofs, for  Spallanzani has taken 
1 from it all the ſupport it received from the 


inhabitants of the ſeminal liquor. His ob- 
ſervations on this ſubject, bear ſo cloſe a 
reſemblance with thoſe on the animalcules of 
14 infuſions, that I ſhall forbear entering into 
9 : a particular account of them. He has 
1 | brought irrefragable proofs that they do not 
= ſpring from filaments, that they never loſe 
their tails, and that their ſize does not di- 
miniſh or their activity increaſe in a regular 
progreſſion. He has ſhewn, by comparing 
their properties with the properties of other 
animals, that they have an indiſputable right 

i to be ranked among the productions of the 
i 0 ; animal kingdom. Buffon deſcribes them as 

1 ſurviving ſeveral days after they have been 
f expoſed to the influence of the air, but Spal- 
lanzani always found that they died in a few 
hours. 

Concerning narrations thus contradictory, 
the determination of naturaliſts would be 
different, and each would become a partizan 
of the French or Italian philoſopher, ac- 
cording to his opinion of the veracity and 
Kill in obſervation of the one or the other, 

if 
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if the latter had not diſſipated every doubt, 
by expoſing the ner. . of the other 8 mf 
takes. TY 4 "£201 


When the ſeed has been en from its te 
ceptacles, and the ſpermatic worms have lived 


the ſhort ſpace afterwards allotted to them, this 


fluid, like every other animal ſubſtance; ac- 

quires. new e e and loſes thoſe which i -q 
ceeds oder or later with 4 Tape: Artis, 
and movements, totally different from thoſe 
of the firſt, but agreeing with the form, 
which, according to Buffon, the organic 
WT aſſume. Agrecably too with his 
deſcription, the ' ſeveral ſueceſſions become 
gradually fmaller, till at laſt the eye of the 


obſerver loſes them in indiſcernable littleneſs. 
"Theſe occupiers 'of corrupted” ſemen, are in 


no reſpect different from the animalcules of 


_ infuſions, but from the ſpermatie worms they 
are ſeparated by every mark which can enter 
into the deſcription of the naturaliſt. The 


ſtructure, the ſhape, the manner and velocity 


of motion, the place of refidence; the effects 


of air, afford ſo many diſcriminative figns. 
Before theſe experiments, the theory of 
Buffon vaniſhes as an enchanted caſtle at the 


approach of the deſtined knight. But it is 
pleaſing to obſerve, that while they ſhew the 


falſehood 
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falſehood. of his fyſtem, and the inaccuraey 
of his obſervations, they are favourable to 


his veracity. In his deſcriptions truth is ſo 
entangled with error, as to ſhew that his 
Judgment, and not his intention, was in 
fault. A ſuſpicion, not perhaps deſtitute of 
plauſibility, has been ſuggeſted, that he had 


ſeen the organic molecules with no other 
eyes than thoſe of the imagination. I there- 


fore experience no common ſatis faction, while 


I bear this teſtimony to the character of that 


ſublime and original geniug, who, by paint- 
ing the works of God in colours worthy 


their variety, their beauty and their grandeur, 
has rendered the Hiſtory of Nature more al- 
luring than the fictions of poetry. 5 


If I may be allowed to introduce an inci- 
dental remark, I would turn the attention 


of the reader to the difficulty, under which 


the moſt ardent imagination muſt labour, 
when it attempts to conceive the production 
of organized bodies, without the aid of ſome 
pre- exiſting cCauſe, not eſſentially unlike 
germs. In whatever proportion the ſeveral 
forms of matter are combined, and in what- 


ever manner the powers which Chemiſtry 
chiefly diſcovers that they poſſeſs, are ſup- 


poſed to exert themſelves, yet when a mind, 


or influenced by the love of paradoxical 


opinions, 
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opinions, nor actuated by the defire of con- 
tradiction, tries to imagine how an animal 
can be formed from ſuch materials arranged 
by ſuch cauſes, it turns aſide from the ſpe- 
culation in hopeleſs deſpondency. When 
Buffon ſubſtitutes his organic molecules and 
internal moulds, he unluckily propoſes a 
theory encumbered with all the difficulties 
attending the hypotheſis of germs, but _ | 
titute of its advantages. 1 
In Spallanzani s experiments on the elfecte | 
of confined air, his uſual accuracy may be 
recognized; but that originality of concep- 
tion, which diſtinguiſhes his other works, 
is not ſo ſtriking in this eſſay. The publie 
attention, at leaſt, has been ſo much turned 
towards elaſtic fluids, ſo much has been writ- 
ten concerning the effe&s of vitiated com- 


mon air, and the ſeveral ſpecies of gas upon 


animal and vegetable life, that an analyſis, of 
theſe experiments would be a repetition of 
what is to be found in a vaſt variety of publi- 
cations. I will only obſerve, that he attri- 
butes the death of animals, kept in un- 
changed air, to exhalations acting on the ner- 
vous ſyſtem. If he is acquainted with the 
writings of Prieſtly, he will probably have 
found reaſon to give his 7's a modi- 
fication —— different. 


Certain 
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Certain animals, which loſe every property 
and appearance that diſtinguiſh them from 
inorganic matter, and recover the exerciſe of 
their functions, have drawn the regard of 
Spallanzani. To the information afforded by 
Leuwenhoeck, concerning the rotifer, he has 
added many curious particulars. He has 
_ diſcovered ſome new ſpecies endowed with 
this remarkable property. He has ſhewn, 
that though they may be reſuſcitated after a 
long ceſſation of the powers of life, and a 
certain number of times, yet theſe qualities 
have their limits; nor does immortality be- 
long to theſe extraordinary productions of 
Nature, any more than to other created 
beings. He has deſcribed the phænomena, 
the loſs and recovery of vitality, e mi- 

nuteneſs and preciſion. | =; 
The chief aim of the experiments on 
moulds, is to trace the origin of that minute 
vegetable. It had been rendered probable 
by Micheli, the famous botaniſt of Florence, 
that mould is propagated by granules, ſhed 
in great abundance' from the burſting heads 
of the plant. Againſt this opinion, Moſ- 
cati advanced ſome very ſpecious objections; 
and upon the whole concluded, that mould 
1s the produce of ſpontaneous generation. 
But Spallanzani has determined the contro- 
verſy 
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verſy in favour of the Florentine naturaliſt, 


by many well-imagined and well- executed 
experiments; ſo that both microſcopical ani 


mals and vegetables agree in their origin with 

thoſe that have been conſtructed upon a larger 

model. | | 
In the works which” have ſupplied me with 


the foregoing obſervations, there are ſeveral 


incidental diſquiſitions, which will amply 
reward the attention of the reader. But I 
muſt omit them, leſt this preface ſhould be 


extended beyond all bounds, There is, 


however, one digreſſion ſo intereſting in it- 
ſelf, and at the ſame time ſo characteriſtic of 
the genius of the author, that I am tempted. 
to produce it here. 

Among the phznomena recorded i in Natu» 
ral Hiſtory, I recolle& none more extraordi- 
nary, than that ſtate of torpor into which 
many animals fall at the ſetting in of the cold 
ſeaſon, By what means this great change is 
produced, whether the fluids are rendered un- 
fit for circulation, whether the nerves are de- 
prived of their influence, or whether the 
muſcular fibre is no longer ſuſceptible of that. 
influence, philoſophers have not, till very - 
lately, thought of enquiring. The great 
claflical writer of France, the illuſtrious 
Buffon, firſt inveſtigated this curiods topic | 
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of comparative phyſiology. He conſiders 
the temporary ceſſation of the powers of life, 
as arifing from the refrigeration of the blood. 
From ſeveral thermometrical obſervations he 
concludes, that the temperature of theſe ani- 
mals is equal to that of the atmoſphere, and 
regulated by it. But the Italian Profeſſor, 
having repeated theſe obſervations with his 
habitual accuracy, found, that the ſubjects of 
Buffon's experiments are not to be numbered 
among animals of cold blood. In theig mouths 
he has ſeen the liquor of the thermometer 
riſe to the 101 degree, at a time when in 
the open air it ſtood at 35 or 36. But the 
genius of Spallanzani did not reſt here. By 
an experiment which alone would have raiſed 
its inventor to an high rank among Natural 
iſts, he at once compleated the overthrow of 
Buffon's theory, and aſcertained, at leaſt with 
great appearance of probability, the cauſe of 
the phænomenon. The tenacity of life by 
which frogs, toads, and other amphibious 
animals are diſtinguiſhed, is ſufficiently 
known. The heart of theſe animals may be 
cut out, not only without immediately de- 
ſtroying them, but without retarding the 
exerciſe of their functions, or impairing the 
vivacity. of their movements. Taking ad- 
vantage Sf this ſingular , the author 

4 cvxacuated 
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evacuated the veſſels of ſeveral frogs, newts, 
and toads. He then buried them in ſnow ; 
the expected effect followed, and they ſoon 
became torpid; Being expoſed in this ſtate 
to a proper keit peratafe, the ſuſpenſion of 
life was ſucceeded by a complete recovery of 
the we of their vital organs: inſomuch that 
there did not appear to be any difference be- 
tween thoſe' Which had ſuſtained the loſs of 
their ffuids, and thoſe which were ſubjected 
to the experiment unhurt and entire. The 
cauſe, therefore; of this lethargy, is not con- 
ne&ed with any condition of the blood; it 
fees to depend on the privation of the irri- 
tability of the muſcular fibre : Spallanzani 
at leaſt obſerved; that no ſtimulants, not even- 
the electrical fluid itfelf, produced the ſmalleſt 
contraction of the muſeles. | 

I am aware, that this enumeration of the 
productions of Spallanzani is imperfect; TI 
have purpoſely omitted a tranſlation of the 
Contemplation de la Nature, and ſome ſmaller 
pieces, ſuch as ſeveral articles in the Pro- 
ſpectus of the Sjenneſe Encyclopedia. Not- 
_ withſtanding the freedom of modern inter- 
courſe between different nations, and the ad- 
vantages of commerce, foreign books are not 
ſo regularly imported into this kingdom, but 
that ſome original and important work may 
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have eſcaped my enquiries. But 'the rude 
ſketch which I have exhibited, will, I hope, 
fulfil my wiſhes, and induce thoſe who have 
no better means of information concerning 
the werth of this diſtinguiſhed philoſopher, 

to hear him with reſpect and attention. 

Of the following work, it is not neceſſary 
to attempt an analyſis. - Its importance can- 
not tail to ſtrike the moſt careleſs obſerver. 
In the firſt volume, we have a complete hiſ- 
tory of one of the chief functions of the 
body. The ſecond diffipates much of the 
darkneſs that has brooded for ſo many ages 
over the proceſs of generation. When, how- 
ever, I view theſe ſplendid diſcoveries in their 
brighteſt light, when I conſider them in their 
relation to the art, of which the object is the 
health of mankind, I cannot but own with 
regret, that they have rather a negative than 
a poſitive merit. Like other great advances 
in phyſiology, they ſerve rather to extirpate 
error, than to afford materials of very high 
value for the true-theory of medicine. 

In executing the following tranſlation, my 
principal aim was.to give the preciſe meaning 
of the author. My ſecondary object was, to 
preſerve unſullied the purity of my native 
language. - 


The 


 TRANSLATOR's/ PREFACE; * 


The firſt of theſe intentions, I hope, I 
have fulfilled; and I may, I think, venture 
to aſſure the reader, that he may conſider the 
following work as the genuine repreſentatien 
of the original, It may, however, be ne- 
ceſſary to apprize thoſe, who ſhall compare 
the Engliſh with the Italian, that I was com- 
pelled, however reluctantly, to take ſome 


liberties with the author's phraſeology. His 
_ defire of being perſpicuous, has ſometimes 


led him into diffuſeneſs. There occur too 
frequently expreſſions which clog the ſen- 
tence, without introducing any new idea, or 
illuſtrating any propoſition already advanced. 

This defect did not fail to ſtrike me on the 
firſt peruſal of the Diſſertations. But, per- 
ſuaded that the tranſlators of books of ſcience 


and of polite literature, ought to hold very 


different objects in view, that exactneſs is the 
buſineſs of the one and elegance of the other, 
I tranſlated the firſt dĩſſertation very cloſely. 
But when I came to conſider my attempt, I im- 
mediately perceived, that the ear of no reader 
would tolerate it ; and ſome judicious friends 
concurring with me in opinion, I threw it 
aſide, and began the work again, with a de- 
termination to prune this uſeleſs luxuriance. 
had performed more than half my taſk, be- 
fore 1 met with a P in a judicious au- 
thor, 
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Evitez encore les pleonaſmes & les ſynoni- 
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thor, which at once confirms my eas, ind 


. juſtifies the freedonis I have taken. Mr. 
Bonnet, in a letter to Spallanzani himſelf, 
uſes the following terms. Vous tes, en 


general, très-clair & tres mt thodique. Je 
vous exhorterai ſeiilement à vous reflerrer un 
peu plus dans certaines deſcriptions, on vous 
employez plus de mots, qu'il nen eſt beſoin. 
mes : ils n'ajoutent rien à Tidfe (a). 5 
That T have attained my other purpoſe k 


dare not affirm. When the mind i is moulded 


to the idiom of one language, it cannot im- 
mediately receive a new impreſſion without 
retaining ſome traces of the. former. On 
this account, it may ſafely be aſſerted, that 
tranſlation, as far as mere expreſſion is con- 
cerned, is. the moſt difficult ſpecies of com- 
poſition, When I read what has been printed 
for. ſome time, I eaſily perceive, that many 
phraſes might be made neater and ſmoother, 
though not perhaps more perſpicuous, which 
I conſider as the chief excellence of a work 


of this kind. 


That I might the more effectually recom- 


mend my tranflation, I have added ſome 


things, which are not to * found i in tho 
original. 5 
(a) CEuvres ed. in 8 vo. tum. XI. p. 322. 
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The experiments of Dr. Stevens will 
doubtleſs be well received. Such academical 
productions are ſeldom very widely diffuſed, 
and I have heard many with for a peruſal of 
them. J have not tranſlated the whole dif- 
ſertation, for the former part did not ſtrike 
me as new, or peculiarly excellent. I will 
not, by pointing out the circumſtances, in 
which they agree or diſagree with thoſe of 
Spallanzani, deprive the reader of an amuſing 
employment. 


If Mr. Hunter's eſſay had been more re- 


motely connected with the ſubject of the 


firſt Volume, I would have cauſed it to be 
reprinted. It contains ſo many uſeful views, 
it is ſo pregnant with the ſeeds of future diſ- 
coveries in phyſiology, that the attention can- 
not be too often directed to it. 

The papers of Mr. Demours and Mr. De- 
braw will, I hope, be read with pleaſure at 
the end of the ſecond Volume. They are in 
themſelves curious, and bear a near relation 
to the contents. | 

It was my deſign to have annexed a tranſla- 
tion of Reaumur's Memoirs on Digeſticn ; 
but I found, that the very ample account 
given of them by the author, was quite ſuf- 
ficient for the information, of the reader. 


That 
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* the <biirls n my 9 public demonſtrationle 


in the year 1777, I repeated in the pres 


ſence of my hearers thoſe celebrated experi- 
ments of the Academy of Cimento, that ſhew 
the aſtoniſhing force with which the ſtomachs 


of fowls and ducks pulverize empty globules 
of glaſs in the ſpace of a few hours: Finding 
them perfectly exact, I conceived the deſign 
of extending them to ſome other individuals 
of that claſs of birds which have been termed 
birds with muſculor ſtomachs or giggards. 
Such were the firſt lines of an undertaking, 
of which till that time I had never entertained 


the ſmalleſt idea, and which afterwards in- 
creaſed in proportion to the increaſe of my 


curiofity concerning a ſubject of ſo much 
beauty and utility as the important function 
of Digeſtion, Hence from animals with 
muſcular, I was induced to proceed to thoſe 
with intermediate, and from theſe to animals 


14 ES With 


— 
* 


ne] 


3 < 


r 

with membranons ſtomachs (a). Thus J 
enjoyed the pleaſure of extending my re- 
ſearches to the principal claſſes of animals, 
not neglecting Man, the nobleſt and moſt 
intereſting of all. But theſe phyſiological 
reſearches laid me under the neceſſity of ex- 
amining the moſt celebrated ſyſtems con- 
cerning Digeſtion, and of enquiring whether 
it is effected by trituration, by a ſolvent, by 
fermentation, or by an incipient putrefaction: 
or whether, according to the opinion of the 
great Boerhaave, it rather depends upon all 
theſe cauſes operating in conjunction. Thus 
I was obliged to enter anew upon a queſtion 
of very ancient date, and though diſcuſfed 
at great length by many phyfiologiſts, yet 
not in my opinion ſufficiently elucidated ; 

ſince moſt writers have choſen to. follow the 
deluſive invitation of theory and hypotheſis, 
rather than the unerring direction of deciſive 
experiments. The impartial and judicious 
reader, when he ſhall have peruſed the pre- 
ent eſſay, will be able to determine, whether 
what I aſſert, is true or falſe. „ 


(a) The I, LVIII, and clv paragraphs will etifatte 
what is meant by birds with muſcular, intermediate, af 
wembranous Romacks, | 
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On Taz proxsrIon or ANIMALS WITH 


MUSCULAR STOMACHS, COMMON FOWLS, 
TRR RIS, bocks, GEESE, DOVES, Pls 


'GEONS; | 


* 


I. FFJ\HOUGH there perhaps exiſts no 
__ 2 animal, of whieh the ſtomach is not 
furniſhed with muſcles, yet there is a fingu- 
lar claſs; juſtly denominated by ſeveral natu- 
raliſts auimalt with muſtular Hlemachs, finde 
that viſcus is provided in a remarkable man- 
ner with very large and powertul muſcles, 
To this claſs belong fowls, ducks; pigeons, 
geeſe, enen So great is the n 
of theſe muſcles, that many have imagin 
that they produce digeſtion by acting violent-= 
ly upon the contents of the ſtomach, and 
breaking down and reducing them to a pul- 
taceous mals, in no refpedt 


Ct differing from 


B 2 imperfect ; | 


2 *& ad a ab. 
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imperfect chyle. This notion was afterwards 
applied to other animals, nor was man him- 
ſelf exempted; and it has been pretended, 
that digeſtion is univerſally owing to the 
alternate action of the muſcles of the ſtomach, 
or, as it has been termed, to #r1turation. 

IT. Now, to confine ourſelves to animals 


- with muſcular ſtomachs, there was little difi- 


culty in deviſing the means of determining 
whether the comminution and ſolution of 
food is effected by the gaſtric muſcles. Such 
means have been invented and ſucceſsfully 
applied by Reaumur. Let ſeveral animals 
reſembling each other in ſtructure, ſays that 
great naturaliſt in his two excellent memoirs 
on this ſubject, of which I ſhall make fre- 
quent uſe in the ſequel, be obliged to ſwallow 
metallic tubes open at both ends, and filled 
with ſome of their natural food, as grains: of 
the Cerea/ia when gallinaceous fowls are 
the ſubjects of our experiments. Should 
theſe grains, after they have remained a cer- 
tain time in the ſtomach, be broken down 


and decompoſed, we muſt aſſign a diſſolving 


liquor as the cauſe of the phænomenon, ſince 
the ſides of the metallic tubes muſt have been 
an inſuperable obſtacle to the exertions of the 
gaſtric muſcles upon the contents; but if 
they ſhould he retfieved in a ſound and entire 
ſtate, it muſt be acknowledged, that in theſe 


animals digeſtion does not depend on a ſol- 


vent, but on muſcular action. Such were 


the means employed by this ſagacious natu- 


caliſt. In ſome metallic tubes perforated at 
each end he encloſed grains of barley, and 
obliged common fowls, turkies, and ducks, 


to ſwallow them. Several hours an. 


: cular action. 1 


except a {light bitter flavour whic 


acquired. They had imbibed a fluid, and were 


ö 
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the animals were killed, and the tubes taken 


out of the ſtomach, but the barley was found 
quite entire; Whence he ,inferred, that in 
birds of the gallinaceous claſs the food is not 
broken down by a ſolvent, but by ſtrong muſ- 


III. This experiment ig highly favourable 


to the doctrine of trituration; yet I think it 


would have been much more concluſive, if 
the ſame reſult had been obtained from other 
individuals of this claſs, and if beſides bar- 
ley, other grains upon which they naturally 
feed, ſuch as Wheat, maize, rye, 1 e, 
&c. had been employed. I therefore reſolved 
to put each of theſe ſeeds to the teſt of expe- 
riment in the following manner. I procured 


1ome tin tubes eight lines in length and four 


in diameter, and incloſed in each a number 
of the ſeeds juſt mentioned inverſely propor- 
tional to their ſize. The ends of the fube 
were left open, but iron wires were made to 
paſs before them, ſo as to croſs each other, 


and form a kind of lattice- work, Common 
fovols were the firſt ſubjects of my experi- 


ments: I forced ſome of the tubes into the 


ſtomach, endung them witk my fore- 


rough the ſophagus, 


finger and thumb t 


till I was certain they were in the cavity. of 


that viſcus. When this operation is properly 
performed, neither fowls nor other animals 
ſuſtain any injury. In twenty-four hours the 
tubes were . Yak out, and the chntents upon 


examination appeared to be unaltered: even 


the colour and taſte were 3 if we 


they had 


2 little ſwoln. And the ſame ſeeds incloſed in 
1 9 5 Ws "mn 
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tubes, and left in the ſtomach two and even 
three days, underwent no greater change. 
IV. Sometimes, after having forced the tubes 
full of grains into the ſtomach, I immediately 
introduced ſome of the ſame grains looſe. 
The latter were broken down ina few hours, 
but the former remained entire 
V. The food taken ſpontaneoufly by thefe 
birds does not paſs immediately into the ſto- 
mach, but ſtops for ſome time in the crop, 
where it is macerated, and becomes ſofter. 
Is ſuch a previous maceration neceſſary before 
it can be diſſolved within the tubes? This 
circumſtance ſeemed to deferve attention. I 
therefore repeated the foregoing experiments 
with ſeeds taken from the crop of a fowl, 
after they had undergone a complete macera- 
tion. Notwithſtanding this preparation, they 
underwent no change within the tubes. 
VI. From theſe reſults it was eaſy to predict, 
that no new appearance would occur, if the 
ſkin ſhould be taken off, as it really happen- 
ed. It is 2 to add, that other grains 
treated in the fame manner were not diſſolved. 
VII. The mode hitherto practiſed of uſing 
tubes open at both ends, at which the gaſtric 
fluid was certainly at liberty to enter, is that 
of Reaumur. But this fluid having no other 
acceſs, cannot exert its action on the incloſed 
grains ſo powerfully as When they are looſe 
in the ſtomach, as Reaumur ingenuoufly con- 
feſſes. To obviate this incovenience in ſome 
meaſure, I had the ſides perforated with a 
great number of holes. I had moreover re- 
courſe to another expedient. Iemployed hol- 
low globules of brafs half an inch in diame- 
der, and pierced like a ſieve, which I could 
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DISS ERTATION I xn 
open and ſhut at pleaſure by means of a ſcre 


worked upon the edge of the two hemi- 
ſpheres, uito-which cach globule was divifi- 
ble. With theſe new tubes and ſpherules 1 
repeated the preceding experiments, not only 
upon common fowls, but upon ducks, tur- 
keys, geeſe, doyes, and pigeons: and as a larger 
dei of liquor could now find its way to the 
inclofed ſubſtances, they were more thorough- 
ly ſoaked, and had acquired a bitterer taſte 
(115 but J could never perceive the ſlighteſt 
token of ſolution, though they continued 4 

long time in the ſtomach. i 


VIII. Theſe facts furniſh an irrefragable 
proof, that the trituration of ſeeds in the ſto- 
mach of granivorous birds, 1s ſolely owing to 
ſtrong preſſure and repeated and violent per- 
cuſſions: effects produced by the powerful 


muſcles with which that organ is provided. 


IX. The contents of the ſtomach are ſo vio- 
lently agitated as to be driven in at the open 
ends and through the holes of the tubes and 
{pherules, Thick occafions ſome confuſion, 
Hence I have frequently found it of ſervice 
to introduce theſe receivers when the ſtomach 
is empty, and to keep the animal faſting dur. 
ing the whole time of the experiment. 

| N. The ſtrong percuſſion of the ſtomach 
renders another precaution highly 5 
The thickneſs of the tubes and ſpherules ſhould 


be confiderable, otherwiſe the obſerver, when 


he takes them out of the ſtomach, will fin 
them broken, cruſhed, or diſtorted in a mo 

ſingular manner, if they have been long te- 
tained. Reaumur mentions ſeveral accidents 


. # 


of this fort (a); and I haye ſeen inſtances 


(a) In the Memoir quoted above. 
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2 DISSERTATION I. 


without number of ſuch contuſions, one of 
which I cannot forbear relating here. Hav- 
ing found that the tin tubes which I-uſed for 
common fowls were incapable of reſiſting the 
ſtomach. of turkeys, NN not happening at 
that time to be provided with any tin plate of 
greater thickneſs, I tried to ſtrengthen them 
of ſoldering to the ends two circular plates 
of the ſame metal, perforated only with a few. 
holes for the admiffion of the gaſtric fluid. 
But this contrivance was ineffectual; for after 
the tubes had been twenty hours in the ſto- 
mach of a turkey, the circular plates were 
driven in, and ſome of the tubes were broken; 
ſome compreſſed, and ſome diſtorted in the 
ME mann EIT 
XI. I then tried the following means of pre- 
venting this inconvenience. Having perfo- | 
rated the circular laminæ in the center, I 
paſſed an iron wire through the holes, and 
59880 it tight round the outſide of the tubes; 
when the two ends met, they were twiſted 
together. And now though the ſoldering 
ſhould be deſtroyed, yet this contrivance 
would prevent the circular laminæ from re- 
ceding from the ends of the tube, unleſs the 


Wire paſſing through them ſhould be broken. 


J prepared four tubes in this manner, and 
gave them to a turkey ſix months old. After 
they had remained à whole day in the ſto- 
mach, I killed the animal; and my aſtoniſh- 


ment was extreme at finding that the tubes, 


in ſpite of my expedient, were very much 


damaged. All the iron wires were broken, 


two where they were twiſted,” and the two 
others at their entrance into the tubes: the 


laminæ, fo far from remaining ſoldered to the 


tubes, 


N 


* 
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were not flat as at firſt, but ſome” were bent 
ſo as to form an angle, ſome curved, and in 


others, one No was preſſed cloſe to the other. 


The tubes had ſuſtainęed equal injury; two 
of them were flattened à8 if they had been 


{truck by an hammer, the third was mould- _ 


ed into the ſhape of a gutter, the ſoldering 
of the fourth Was deſtroyed, and it was ex- 


banden like e 71 


* XII. Theſe phænomena will leſs ſurprize 


thoſe who have learned from Redi (2) and 
Magalotti (3), how ducks, fowls, and pi- 
geons pulverize hollow globules of glaſs in 
a very ſhort ſpace, and even ſolid ones in a 
few weeks. I have already obſerved, that I 
repeated theſe experiments with the greateſt 
ſucceſs (c). Some ſpherules of glaſs blown 
by the lamp, and ſo thick that they would 
ſeldom break when thrown: on the ground, 
were generally reduced to ſmall fragments, 
after remaining three hours in the ſtomachs 


of hens and capons ; the fragments were not 
| ſharp as when they are broken by the efforts 


of the hand, but as obtuſe as if their edges 
and points had been abraded by a grinding- 
ſtone. The longer the ſpherules continued 
in the ſtomach, the more minutely were they 
triturated ; fo that in a few hours they Were 
reduced to a maſs of particles, not larger than 
grains of ſand. The HRICNY alſo of this 
proceſs appears in ſome meaſure proporti- 
onal to the ſize of the animal. A wood-pi- 


(a) Eſperienze intorno a coſe naturali. 

(3) Saggio di naturali eſperienze. | 
(c) In the Introduction. Re 
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geen generally breaks them leſs ſpeedily than 
a e a chicken than a capon, but a 
ooſe the ſoontſt of all. The reaſon is plain, 

nce the larger ſpecies have thicker and more 
powerful fomachs. 1 

XIII. From theſe and other facts which I 
ſhall adduce hereafter, we may collect how 
much the celebrated Pozzi, formerly Pro- 
feſſor at Bologna, was miſtaken, when he con- 
ſidered the Sbepations 4) of the Florentine 
Academicians, and of Redi on the power of 
certain animals to reduce globules of glaſs to 
pieces as falſe, becauſe he failed in his at- 
tempts to repeat their experiments on pigeons. 
Let me here introduce an incidental remark, 
It is the cuſtom of certain dabblers in philo- 


phy to deny facts, however particularly de- 


Mahelt and though related by perſons of the 
en authority, merely becauſe their own 
endeavours fail of ſucceſs. But they do not 
reflect, that this is acting in direct oppoſition 
to the principles of ſound logic, by which 
we are taught that a thouſand negative can- 
not deſtroy a fingle poſitive fact, ſince it is ſo 
very eaſy to omit ſome one or other of the 
many circumſtances requiſite to the ſucceſs 
of an experiment. The Bolognian Phyſician 
Bas fallen into this error; inſtead of ſo raſhly 
inferring from his own obſervation the falſit 
of the contrary event, he ought to have mul- 
tiplied and varied his experiments; and if 
He had done he: with proper precautions, he 
4 of contradict- 
ing the relation of the Florentine philoſo- 


(2) In his ſhort anatamical eſſay printed at Bolognia 


by Lelius a Vulpe. 


6 


phers. 
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phers. We muſt ſuppoſe, that the ſtomachs 
of his pigeons were too weak and flaccid to 
abrade and break ſubſtances of ſuch hardneſs 
as glaſs, from their being in an unhealthy 
ſtate or too young; for in . theſe; caſes they 
are by no means capable of producing =T 
effects, as I have found from actual expe- 
rience. 0 | | N | 3 11 
XIV. My celebrated countryman Valliſneri, 
in his judicious anatomy of the oftrich, proves. 
that the hardeſt fubſtances, ſuch as ſtones, 
wood, glaſs, and even iron itſelf, are reduced 
to pieces in the ſtomach of this enormous 
bird by a ſolvent; he alſo inclines to think, 
that glaſs is attacked and broken by a ſimilar 
liquor, which he imagines to exult in the 
ſtomachs of fowls, without the concurrence 
of muſcular action. But the hypotheſis of 
Valliſneri is evidently groundlets, for ſeeds, 
as we have ſeen above, remain unaltered when- 
ever they are defended by tubes. And when 
pigeons, fowls, or turkeys, are forced to 
ſwallow ſeveral balls of glaſs at once, ſome 
incloſed in tubes, and ch naked, the lat- 
ter are reduced to ſmall fragments ag uſual, 


while the former remain entire. That the 


gaftric muſcles are the ſole cauſe of this effect, 
will appear ſtill more evidently from facts to 
be related in the ſequel 3 71 ptr 5 
XV. Before I proceed farther in the recital 
of experiments immediately relating to digeſ- 
tion, it may be proper to mention ſome other 
n e analogous to thoſe juſt deſcribed. 
They may help to convey more diſtinct noti- 


ons concerning this function in animals with 


1 ; the ſmooth and blunt ſubſtances 
itherto employed, could not injure the — 
. | mach. 
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mach. It was therefore an object of curioſity 
t6 enquire what would happen when tharp 
bodies were introduced- I is well: known 
how readily broken glaſs will - lacerate: fleſh. 
I-gave a cock ſeveral fragments of a broken 
pane, each about the ſize of a pea; they were 
wrapped up in paper, to prevent the œſopha- 
us from being torn as they paſſed through tt. 
I was well affured that this cover would be 
immediately deſtroyed on its entrance into _ 
the ſtomach, and leave the glaſs at liberty to 
act with its points and edges. The animal 
was killed in twenty-four hours, and the 
glaſs was found in the ſtomach; but on this, 
as well as former occaſions, the angles were 
fo far obliterated; that upon putting ſome of 
the fragments on the palm of one hand, and 
rubbing them forcibly on the. back of the 
other, I did not receive the leaſt hurt. 8 ; 
n the glaſs, it appeared to have loſt 
twenty-four. grains; nor was it difficult to 
diſcover what was become of the mifhing 
particles, for the ſides of the ſtomach, when 
viewed attentively, glittered with innume- 
rable vitreous points. On the contrary, ſome 
broken bits of glaſs, that were incloſed in 
two tubes, of which one was given to a hen, 
and the other to a turkey, and left twenty 
four hours in the ſtomachs, were not at all 
abraded at their points or edges. 
XVI. Similar pieces of glaſs, retained two 
days in the ſtomach of a wood-pigeon, gave 
me'an opportunity of obſerving other re- 
markable fractures and abraſions. As I have 
mentioned this bird, I will relate a fact very 
applicable to our preſent purpoſe. I gave a 
wood pigeon an unpoliſhed twelve-ſided gar- 
n | 8 | net, 
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net, of the ſize of a moderate nut, with the 
intention of inſpecting the ſtomach in a few 
hours afterwards; the bird was confined in a 
cage, but made its eſcape by an unforeſeen 
accident, and was confounded with many 
others kept in another place, ſo that I Was 
not able to diſtinguiſh it; it did not fall into 
my hands for a month. The garnet, Which 
had remained all this time in the ſtomach, 
filled almoſt its whole capacity; a circum- 
ſtance which a little ſurprized me, ſince it 
had taken its food, and been nouriſhed very 
well. But I was more ſurprized at finding 
the angles of this hard ſtone blunted in ſome 
places. FFF 


XVII. But the reader is impatient to know 
what injury the ſtomach received from the 
retention of theſe ſharp bodies, and the vio- 
lent agitation they muſt have undergone dur- 
ing the abraſion of their moſt pointed parts. 
To ſatisfy my own curioſity, as well as that 
of others, I opened the cock and two wood- 
' pigeons (XV, XVI), and examined the in- 
ternal coat of the ſtomach with the eloſeſt at- 
tention, after having waſhedaway the contents. 
J moreover diſſected it away from the nervous 
coat; this was eaſily effected: and I could now 
examine it to greater advantage, but not- 
withſtanding all my pains, found it perfectly 
entire. No laceration, no diviſion, not the 
ſmalleſt jagged appearance; it was in every 
reſpect like ſtomachs that had not afforded 
reception to any unuſual ſubſtance. Only _ 
the coat of that ſtomach which had retained 
the large garnet for a month, was about three 
times as thick as it commonly 1s. 4 


, 
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XVIII. Finding that theſe fowils ſuſtained 
_ theſe experiments unhurt, I ſubjected them to 
two others far more dangerous. Twelve ſtrong 
tin needles were firmly fixed in a ball of Iead, 


the points ee, e about a quarter of an 


inch from urface. Thus armed, it was 
covered with a caſe of , and forced down 


the throat of a turkey. The bird retained it 
for a day and half without ſhewing the leaſt 
23 of uneaſineſs. Why the ſtomach 
ſhould have received no 3 to horrid 
an inſtrument, I cannot explain: the points 
of the twelve needles were broken off cloſe 
to the ſurface of the ball, except two or three 
of which the ſtumps projected a little higher. 
The ball had not loſt its general ſhape, but 
was marked with ſeveral indentations, that 
certainly were not upon it at firſt. TWO of 
the points of the needles were found among 
the food, the other ten I could not diſcover 
either in the ſtomach or the long tract of the 
inteſtines; and therefore concluded that they 
had paſſed out at the vent. 5 

XIX. The ſecond experiment, ſtill more 
cruel, conſiſted in fixing twelve ſmall lan- 
cets, very ſharp both at the points and edges, 
in a ſimilar ball of lead. They were ſuch as 
J uſe for the diſſection of fmall animals: 
The ball was given to a turkey cock, and 
left eighteen hours in the ſtomach; at the 
Expiration of which time that organ was 
opened, but nothing appeared except the 
naked ball, the twelve lancets having been 
broken to pieces; I diſcovered three in the 
large inteſtines, pointleſs and mixed with the 
excrements; the other nine were miſſing, 
and had probably been voided at the Ts 


- 
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The ſtomach was as ſound and entire as that 
which had received the needles. 4 
XX. Two capons, of which one was ſubs 
jected to the experiment with the needles, 
and the other with the lancets, ſuſtain 
them equally well. My next with, was to 
| know how much time elapfed before the 
beginning of the fractures. By repeated ex- 
periments on turkeys that were killed after 
intervals ſucceſſively ſhorter, I found char 
theſe ſharp bodies begin to be broken and 
loſe their ſhape in about two hours. This 
at leaſt happened in two. individuals of the 
ſpecies: in one four of the lancets, and in 
the other three of the needles were broken 
within that ſpace ; the others were blunted, 


but continued fixed in the balls. 
XXI. Let it not however be ſuppoſed, that 
the ſtomach in this claſs of birds is never 
vulnerable by ſharp ſubſtances. In pullets 
it certainly is ſometimes very much injured. 
I obliged two pullets to ſwallow ſome pins 
from which the heads had been taken. One 
was killed in eight, and the other in thirty- 
| two hours. The former had not at all tuF- 
1 fered, but two. pins were implamed in the 
| ſtomach of the latter. Thefe ſtomachs, à8 
5 well as thoſe of many other animals, are full 
of rugoſities, in one of which the two pins 
ö 
| 
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were fixed almoſt perpendicularly, one to the 
depth of a line, and the other to that of three 
lines: they were oppoſite to the moſt mrſs 
cular part of the organ. Some force was 
| requited to extract them; at the puncture 
| 1 little clotted blood, with anevi- 
| e | . 


nt-livid colour around. 
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XXII. But Whatever concluſion we are ts 


draw from this laſt fact, it is certain, that the 
ſtomach of ſuch birds is in general not 
ſubject to any injury from the introduction, 
reſidence, or trituration of theſe and the like 
ſubſtances, as I have learned from a vaſt va- 
_ riety offexperiments. But how is it poſſible, 
ſome will enquire, that the gaſtric muſcles 
can contuſe, triturate, and even ſometimes 
reduce to impalpable powder ps when glaſs is 
employed, XII, XIV, XV, XVI) theſe pointed 
bodies without injury to themſelves ? If the 
muſcles. act with ſo much force, muſt not 
the ſubſtances neceſſarily re-a&t upon the 
muſcles? And will not this re-action cauſe 


the laceration of the internal coat of the fto=. 


mach, which, though it is indeed very firm 
and compact, cannot ſuſtain ſuch violent 
ſhocks with impunity ?. r 


XXIII. This objection was immediately 


ſtarted, upon the diſcovery of the wonderful 
force with which digeſtion in poultry is effect. 
ed, and an attempt was made to remove it in 


the following ingenious manner. It had been, 
long known, that fowls, and other birds of. 


the ſame claſs, have always a ſmaller or larger 
ſupply of little pebbles in their ſtomachs, It 


was therefore conceived, that theſe pebbles 


ſerve as a ſhield to the muſcles. Hence it 
follows, that the comminution' of bodies 
forced into the ſtomach is the immediate ef- 
fect of the pebbles, and only the mediate ef- 
fect of muſcular action. Accordingly, the 
Academicians of Cimento have vbferved, that 


thoſe ducks and fowls that contain moſt ſtones. - 


In their ſtomachs, ſooneſt reduce ſpherules of 
_ glaſs to powder. Redi thinks, that the ſtones 
| us perform 


F — 
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perform the office. of teeth (a); and Reay- 
mur ſuppoſes them neceſſary to digeſtion (3). 
XXIV. In the courſe of my numerous ob- 
ſervations I can ſafely aſſert, thatI never opened 
the ſtomach of a pigeon, turtle-dove, dove, 
partridge, fowl, turkey, gooſe, &c. without 
finding ſmall ſtones within it. I have alſo 
found what is remarked. by Reaumur, that 
the ſize of the ſtones is PREG propor- 
tional to the fize of the bird. They are ge- 
nerally of a roundiſh ſhape, whether they ac- 
quire it from friction within the cavity of the 
mach, or have it before they are ſwallow- 
ed. They are commonly bits of quartz, 
ſometimes mixed with calcareous fragments. 
In the ſtomach of a turkey hen I have count- 
ed above 200, and above looo in that of 4 
gooſe. Their exiſtence is therefore indubi- 
table. But is it equally certain, that. they are 
the immediate inſtruments of trituration ? 
He who is unprejudiced in favour of any the- 
ory muſt immediately perceive, that this is a 
mere hypotheſis, convenient indeed and plau- 
fible, but requiring to be confirmed by ex- 
perunent. 0 . . 
XXV. To this teſt I have endeavoured to 
bring it, and would willingly hope that I have 
decided the queſtion. According to the ob- 
ſervation of the Academicians, the birds that 
contain moſt ſtones, ſooneſt triturate hard 
ſubſtances. Nothing was more eaſy than to 
repeat the experiment. This I did upon ducks 
and fowls, the two ſpecies mentioned by thoſe 
learned writers, ſometimes obliging thans to 


(e) L.. e. ( Mem. cit. 
oe fon . eee 
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ſwallow globules of glaſs, ſometimes ſmall 
thin tubes of tin, and at others ſeeds de- 


fended by a ſtrong cover, ſuch as nuts of a mo- 


derate ſize. It was neceſſary that all circum- 


ſtances ſhould be alike, that the birds ſhould 


be of the ſame 8 and age, and of equal 


vigour, &c. Not to weary the reader With 
too minute a detail, I ſhall only mention the 


reſults. In a hen and two ducks, not abun- 


dantly ſupplied with pebbles, the injury ſuſ- 
tained by the ſubſtances was not ſo great as in 


three other like fowls more amply provid- 
ed with them. But in four hens the effect 


produced was exactly the ſame, as far as I 
could judge, though the ſtomachs of three 


were leſs copiouſly furniſhed than that of the 


fourth. 7 | AR” 
XXVI. Having collected a large quantity of 
ſtones from the diſſection of many gizzards, 
I thought they might be uſeful in the preſent 
inquiry; I therefore gave a certain number 


to ſome fowls and ducks, while others were 


left with thoſe which they had ſwallowed 
ſpontaneouſly. The former, according to the 
obſervation of the Florentine Academicians, 
ought to break hard ſubſtances ſooner than 
the latter. And ſo indeed it ſometimes hap- 
pened, but at others the event was different. 
before not being able to aſcertain the ob- 
ject of my enquiry. by theſe experiments, I 
had recourſe to other means of ſolving the 
probimmnes tou E600 af 13 G4 

XXVII. The moſt deciſive mode of deter- 


” 
oe 


mining the uſe of ſtones in digeſtion, evidently 


was to take them away altogether, either by 
expelling thoſe already ſwallowed, or by pre- 
venting the admiſſion of any at all. To eva- 

. - _ .  cuate 
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cuate thoſe already accumulated, it was ne- 
ceſſary to confine' the birds in , cages where 
they could not find freſh- ones, and it might 
be hoped, that the old ones would be gradu- 
ally voided with the excrements. Accord- 
ingly, ſeveral fowls, turkies, turtle-doves, 
and ducks were confined ſeparately, and that 
all ſuſpicion of their picking up pebbles might 
be removed, the cages were raiſed to ſuch an 
height that they could not reach the floor 
with their beaks. The bottoms were made 
of oſiers placed at a diſtance from each other, 
that if on ſtones ſhould paſs out with the 
excrement they might not remain in the cage, 
and be ſwallowed again, but fall to the ground. 
I fed them myſelf the whole time, taking care 
that the food, conſiſting of corn, vetches;and 
maize, was free from every foreign matter, 
ſo that I was certain not a ſingle grain of ſand 
or. the ſmalleſt ſtone was ſwallowed by them. 
XXVIII. In the courſe of a few days I per- 
ceived ſome ſtones among the excrement, and 
they continued to be voided during the time 
of confinement. Two days before the end 
of the month, when they were to be killed, 
forced ſome to ſwallow tubes of tin, others 
glaſs globules, ſome naked and ſome armed 
with needles and lancets (XVIII, XIX, XX.). 
[likewiſe gave them ſome grains of wheat, but 
did not allow them to undergo the natural 
proceſs of maceration in the ooo On the 
zoth day every ſtomach was carefully examin- 
ed, and though I did not completely attain 
the end in view, yet I gained confiderable in- 
formation on the ſubject. Not a ſingle ſto- 
mach indeed was free from ſtones, But they 
were few int number, in ſome inſtances not 
5 5 2 amount- 
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very ſmall. 
the tin tubes, the indentations on the naked 
balls, the fracture of the needles and lancets, 
the trituration of the grain had alike taken 
place in every ſtomach ; nor did it N e 

ſtones 


amounting to above four or five, and thoſe 
The contuſions, however, on 


that the diminution of the quantity of ſtor 
at all contributed to diminiſh the alteration 
of the ſeveral ſubſtances, or to occaſion any 


injury to the organ that contained them. And 


leſt it ſhould be objected, that theſe hard bo- 


dies themſelves performed the office of peb- 


bles by rubbing violently againſt each other 
in conſequence of the action of the ric 
muſcles (an objection manifeſtly trivial) I had 
taken care that each bird ſhould not have more 
than one tin tube, or one glaſs globule, &c. 
Theſe ſolitary ſubſtances-.were bruiſed or 
broken juſt as effectually as when many were 
put into one ſtomach; and this viſcus re- 
mained as free from in | 


jury. . 2, 
XXIX. Though the facts abundantly 


prove, that trituration does not depend on the 


nes ſwallowed by the birds in queſtion, but 


upon the ſtrength and action of the gaſtric muſ- | 


cles, I yet wiſhed for proofs more deciſive, from 
obſerving what happens in ſtomzchs that have 
not received any ſtones. The judicious reader 
perceives at once, that to accompliſh my pur- 

fe, it was neceflary to procure young neſt- 
ling: that had never been in queſt of food. 
Accordingly, fome wood-pigeons, of which 


the feathers had not begun to- ſhoot, were 


brought me; but I was diſappointed in my 
expectations, for even their tender ſtomachs 
were not free from pebbles, which doubtleſs 
were mixed with the food carried to _— by 

| CT | eir 
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their Parent Three of theſe young: birds- 
were facrificed to my curioſity. The ſtomach 
of the firſt contained eight ſtones, of the ſe-- 
cond eleven, of the third fifteen ; together, 
they weighed thirty-two grains, and conſiſt- 
ed chiefly of quartz. | 1 <= 
XX theſe experiments did not anſwer 
my purpoſe, it was neceſſary to take up the 
enquiry at an earlier period, and employ birds 
leſs advanced in growth; nay, for greater cer 
tainty ſuch as were juſt qutting the egg, and 
therefore could not have received food from 
their parents. The ſtomach, it is obvious, 
could not contain ſtones of any kind. I was-. 
at the pains of keeping ſeveral neſtlings in a 
warm place, while they remained unfledged, 
and feeding them till they were able to peck. 
They were then confined in a cage, and ſup- 
plied at firſt with vetches ſoaked in warm Wa- 
ter, and afterwards in a dry and hard ſtate. 
In a month after they had begun to peck, hard 
bodies, ſuch as#in tubes, glaſs globules, and 
fragments of broken glaſs were introduced 
with the food; care was taken that each wood- 
pigeon ſhould ſwallow only one of theſe ſub- 
ſtances. In two days afterwards they were 
killed. Not one of the ſtomachs contained 
a ſingle pebble, and yet the tubes were bruiſed 
and flattened, and ſpherules and bits of 
claſs blunted and broken: this happened alike 
to each body, nor did the ſmalleſt laceration 
* on the coats of the ſtomach. - 
XXI. I did not confine my obſervations, 
to this one ſpecies. With the ſame view I ſet 
under a turkey-hen ſeveral eggs, partly her 
own, and partly of a common hen. When 
the chickens were hatched I took charge of 


3 them 


rr 
them myſelf, and ee the ſame precau- 
tions as with the woo pi one (XXX). They 
were confined for fifty- five days in ſeparate 
cages, and their food conſiſted of various ſorts 
of 'grain. The laſt days they had to live, I 
forced them to ſwallow the hard indigeſtible 
ſubſtances ſo often mentioned. Upon exa- 
mination, the ſtomachs appeared to be free 
from ſtones, yet the fragments and ſpherules 
of glaſs, and the tin tubes, were not on this 
account either the leſs or the more bruiſed or 
broken. Hence then we have at length a 
decifion of the famous queſtion concerning 
the uſe of theſe pebbles, ſo long agitated by 
authors. It appears, that they are not at all 
neceſſary to the trituration of the firmeſt food, 
or the hardeſt foreign ſubſtance, contrary to 
the opinion of many anatomiſts and phyfiolo- 
giſts, as well ancient as modern; I will not, 
er, deny, that when put in motion by 
the gaſtric muſcles, they are capable of pro- 
1 8 ſome effect on the contents of the ſto- 
mach. 9 c 
- XXXII. But for what purpoſe are they de- 
ſigned? If theyare not neceſſary to the tritura- 
tion of the food, are we to PEER that they 
contribute in any other way to digeſtion? Do 
they create a keener appetite, or maintain a 
better ſtate of health, as ſome conceive? Are 
they found in the ſtomach becauſe they are 
caſually mixed with, and as it were conceal- 
ed by, the food; or, becauſe they are deſign- 
edly ſwallowed, and even ſought after ? | 
The firſt queſtions are already anſwered, or 
rather precluded, ſince we have found, that 
birds unprovided with pebbles take their food, 
are nouriſhed and grow juſt as well, and are 


75 
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as briſk and lively as others abounding with 
them; an obſervation I have made with great 
ſatisfactiogn upon young pigeons, turkies, and 
chickens reared in the manner deſeribed above 
(XXX, XXX). va 6 
XX XIII. The laſt queſtion will be readily 
ſolved, if -grown up A 0. take their food 
in the ſame way as young ones; for theſe ſwal- 
low every. thing e comes in their way. I 
have often ſcattered amongſt them various ſub- 
ſtances unfit for their nouriſhment; ſuch as 
pebbles, bits of brick, chalk; or rubbiſh, 
which they pecked with eagerneſs, whether 
their ſtomach was full or empty. One day I 
threw. before them a large N of the 
ſhells of the little fiſh, termed Lice by Con- 
chologiſts, which they devoured till their crop 
was full, juſt as if it had been the moſt agree- 
able food. If they retain the fame. diſpoſi- 
tion when full grown, we may reaſonably con- 
clude, | that the collecting of pebbles is leſs 
the effect of choice than- ſtupidity; as the 
oſtrich, according to Valliſneri and Buffon, 
devours without diſtinction whatever comes 
in its way, ſticks, and ſtones, and cords, and 
glaſs,, and metals, &c, ſuch is its dulneſs, 
and ſo obtuſe its organ of taſte (a]. But 
fowls grown to their full ſize, and when 
their natural inſtinct, that lay dormant while 
they were young, comes to be unfolded, 
change their manners in this as well as many 
other reſpects. A capon confined in a cage 
by Redi, died of hunger ſooner than it would 
{wallow pebbles, offered to it in place of 


(a) Pula Hiſt. des G T. 2. Ed. in 12: Val. 
4, liſn. Op. in fol. I, 1. 35 1 | 
„ —. ĩͤ . 
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them up. I ſhould then incline to 
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| fobd/(a). With me too three hens and one 
turkey, kept ſeparately, died in the courſe of 


a few days, when inſtead of giving them food, I 
ſcattered before them a quantity of ſmall ſtones. 
After their death the number of the ftones 
was the fame, though they would appear to 
be of the moſt proper kind, having been taken 
from. the ſtomachs of other individuals be- 
longing to the ſame ſpecies. When pebbles 
are mixed with the food, I have obſerved, 
that poultry, eſpecially when bange pick 

elieve, 


that the ſtomachs of theſe birds generally 


contain a quantity of ſmall ſtones; not be- 


cauſe they are ſought for and ſelected by de- 
ſign, as many fuppofe, but becauſe they fre- 
quently happen to be mixed with the food. 

XXXIV. Having ſhewn that the pebbles are 
not the cauſe of trituration, we muſt con- 
clude, that it is the fole and immediate effect 
of the gaſtric muſcles, which, as it is well 
known, are very ſtrong, and compoſed of firm 
and compact layers, and muſt, therefore, when 
ſet in motion, act with t force. To be 
more fully fatisfied of this, let the ſtomach 
of a dog, ſheep, or a man be compared with 
the gizzard of a duck, turkey, or gooſe; we 
thall then perceive the enormous difference 
between the thick muſcular coat of the one, 
and the thin one of the other. . 
XXXV. The internal coat, or that which 
immediately lines the cavity of the ſtomach, 
deſerves particular attention. In many ani- 
mals, and in man himſelf, it is ſoft and vil- 
lous; but in gallinaceous birds it is hard and 


(a) Degli Anim. viventi negli Anim, viventi, _ 
; oe cartila- 
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cartilaginous, [When ſeparated from the 
next, which anatomiſts call the nervous 
coat, it foon becomes dry and very hard. In 
turkies and geeſe, in which it is thicker and 
ſtronger than in common fowls, I have often 
diſſected it away, and ſpreading it upona table, 
have drawn. along it lancets, needles, bits of 
glaſs, and ſuch ſharp ſubſtances as are tritu- 
rated in the ſtomach without any perceptible 
injury to it. If indeed my hand preſſed wath 
confiderable force, thoſe parts, over Which 
the keen bodies paſſed, were difunited, whe- . 
ther it was ſeparated or adhered to the other 
co... NN 

XXXVI. But theſe ſubſtances may act in a 
quitediffexentmanner when under the direction 


of the hand, than when ſet in motion by the 
gaſtric muſcles, and when the internal coat 


is not extended but forms a cavity, as it does 
vchen the ſtomach is entire. I therefore withed 
to know what happens to ſubſtances incloſed 
in the ſtomach ſeparated from the animal, and 
>refled externally with the palms of both 
hands and agitated in various directions. The 
{ſtomach of a turkey hen was firſt cleared of 
its contents by forcing them out through the 
pytorus, and then a large quantity of ſharp 
21eces of glaſs were introduced, which were 
ept in motion for a quarter of an hour by 


preffure and percuſſion on the outſide of the 


itomach. - I was in hopes, that I ſhould thus, 
in ſome meaſure, imitate the natural motion. 
Nor was the expedient altogether ineffectual ; 
for the internal coat was only perforated with 
two little holes, fuch as the point of a needle 
would have made, and yet part of the glaſs 
was reduced to powder, and part had loft its 
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ſharp edges. Different effects then are pro- 
duced, when this coat is ſubmitted to ex- 
periment after it has been removed from 
its natural ſi tuation, and when it adheres to 
the others. Nevertheleſs I am willing to al- 
low, that how it ſhould be capable of blunt- 


00 and breaking the keeneſt bodies without 
u 


; aining any in ur y itſelf, ſtill continues 4 
man ot = ᷑ ͤ ꝗ§⅛nnKn 


XXXVII. But if che inſide of the gizzard 
be certainly agitated ſo violently during the 
trituration of, the food, will not the motion 
be perceptible on the outfide ? Reaumur, in- 
duced probably b this reflection, laid open 

the abdomen of 5 of the fowls in queſ- 

tion, and watched the ſtomach, but could 
not perceive what he es e took 

place. They always ſcemed perfectly at reſt, 
except the gizzard of a capon, which con- 


tracted and dilated alternately ; he moreover 


faw certain fleſhy cords moving in an undu- 

115 direction, but very ſlowly and gradu- 
a). Sy Ns td 

| tom . Thayeperceived ſimilar motions 

in two turkey cocks. Upon preſſing upon the 

ftomach forcibly with my hand, I felt a flight 

pulſation that produced a ſenſation of creep- 


- 
* 


| gs but was ſoon aware, that this was owing 
O 


ly to the beating of numerous little arteries; 
which run upon the furface of the viſcus, 
When a perforation js made in the heart of a 
iving animal, and a finger introduced through 
it, it is well known that ſtrong preſſure is 


keit at che time of its contraction. I made 


(4) Mem. cit, 
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this experiment upon the gizzard of a duck, 
but was not ſenfible. of the flighteſt com- 
* Conceiving that the ftomach muſt exert its 
principal action when it js irritated by ſub- 
ſtances filling its cavity, I introduced fome 
nuts into the gizzard of a turkey hen, that 
had been kept faſting for a day. During the 
whole time I watched it attentively, through 
an opening made in the abdomen ; when it had 
received only a few nuts it ſhewed no ſign of 
motion, but when it was nearly full it fwell- 
ed violently, and then collapſed again of a 
ſudden. ' Theſe alternations were ſometimes 

eneral, and at others confined to a narrow 
Pace they did not continue ten minutes, 
probably becauſe the death of the animal was 
approaching from the aperture of the abdo- 
men. The nuts were unbroken, but evident 
contuſions appeared upon the ſurface. This 
diſtin& view of thè motions of the ſtomach 
I aſcribe to unuſual good fortune, ſince, with 
the exception of one only other turkey, the 
ſtomachs of many birds of the ſame claſs re- 
mained at perfect reſt, after they had been 
filled in the ſame manner. If however we 
conſider the very morbid ſtate of the animal 


when the abdomen is laid open, we ſhall not 


be much ſurprized at this Pp ænomenon. 
| XXXIX. The various facts related in the 
preceding paragraphs irrefragably prove, that 
the food of ducks, fowls, geeſe, N 
&c. muſt undergo the eie action of 
the gaſtric muſcles, before it can be broken 
down, and reduced to an impalpable pulp. 
But are we to ſuppoſe, that digeſtion depends 
en this action, and that ſimple trituration 
inis action, . c 


converts the aliment into that pultaceous maſs 
denominated Cοmme? Or rather, that this 
maſs is generated by means of juices either 
prepared or collected in the ſtomach; and that 
trituration is a CO-OPeTalings but not the im 
mediate cauſe of digeſtion? I imagined that 
the tubes and ſpherules, which had already 
afforded me ſo much information, would not 
now. be. without their uſe. If the gaſtric 
juices convert into chyme the food which 
trituration has prepared for digeſtion, let ſome 
food ſo prepared be incloſed in the tubes and 
ipherulcs, and let us ſee whether it will be 
iſſolved according to this hypotheſis; for it 
mult be thoroughly ſoaked in theſe juices. 
I firſt filled a tube and ſpherule with crumb 
of wheaten bread maſticated, and introduced 
them into the gizzard of a hen. In twenty- 
three hours they were taken out, and the 
quantity of bread was much diminiſhed, ef-. - 
pecially at the ends of the tube, where it was 
alſo ſofter: than at firſt, and had acquired a 
bitter taſte. The ſame tubè and ſpherule were 
forced into the Ginza of another hen, where 
they remained fourteen hours ; after which 
there was no appearance of bread in either of 
FÄ ty. 4 
X. R the experiment upon a third 
hen, with bread. of maize inſtead of wheat; 
the tube and ſphere. were emptied in a day 
and half. As there was here no trituration 
nor any other power, except the action of the 
gaſtric fluid, it ſeemed reaſonable to conclude, 
that this fluid had diſſolved and converted the 
bread into chyme, and ſo enabled it to paſs 
through the holes in the receivers. A doubt 
however ſuggeſted itſelf, and kept me in bk 
. N PENIE z 
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penſe; without ſuppoſing the thanſmutation 


of the bread into chyme, the gaſtric fluid by 


merely diluting it, like water, might render 


it capable of paſſing out of the tubes and 
ſpherules. AG 5 
XLI. A ſubſtance not ſoluble by ſimple 
maceration, and at the ſame time ſofter than 
grain, upon which the gaſtric juices have no 
action (III, IV, V, VI, VII.), was wanting 
to clear up the doubt. Fleſh ſeemed to cor- 
reſpond to this deſcription. Fleſh 1s digeſted 


by many birds with gizzards, which for the 
moſt part are both frugivorous and granivo- 


rous ; I therefore filled four tubes with ſome 
veal (a) bruiſed very ſmall to ſupply the want 
of trituration, and forced them into the ſto- 


mach of a hen. They were taken out in twen- 


ty-four hours, and the fleſh was in thefollow- 
ing ſtate: In the tube that came firſt to my 
hands it did not amount to above one-twen- 
tieth of its original bulk, in two others it had 
ſuffered nearly the ſame diminution; the only 
difference appeared in the fourth, which was 
not open at both extremities like the other 
three, but cloſed at one end with a circular 
plate of iron. The fleſh contiguous to the 
plans preſerved its red colour and natural con- 
iſtence, and did not ſeem at all waſted; but 
at the open end it was reduced to two thirds 
of the length of the tube, of which it had at 
firſt occupied the whole; the part that con- 
tinued firm and red retained the true flavour 
of fleſh; at the oppoſite end it had entirel 
loſt that flavour, and the ſurface, to the dep 
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was ſome difficulty in forcing them out with 
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of a full line, was beſides reduced to a pulp; 
and had acquired a cineritious colour: "The . 
inconſiderable reſiduums in the other tubes 
were altered in the ſame manner. „ 
The immediate conſequences of theſe ex- 
periments are ſelf- evident. The remarkable 
diminution of the fleſh aroſe from its having 
been in great meaſure diſſolved and digeſted; 
for all ai agree in conſidering the 
change of colour and taſte, and the tranſmu- 
tation of the food to a pultaceous maſs in the 
ſtomach, as the characteriſtic marks of digeſ- 
tion. The three tubes, of which the ſides 
were perforated and the ends open, admitted 
the gaſtric liquor at 2 art. Hence the 
remarkable waſte of the fleſh in them. The 
caſe was different in the tube cloſed at 
one extremity, and nothing can be more ob- 
vious than the reaſon; for as the liquor could 
only enter at one end, it could only there 


diſſolve the fleſſn. 


XLII. This experiment deciſively proves, 


that the gaſtric liquor was the cauſe of di- ; 


geſtion in the preſent inſtance; and it was eaſy 
to foreſee, that others upon the ſame claſs of 
birds would be attended with the ſame re- 
ſult. Some tubes filled with fleſh were next 
introduced into the gizzard of a very large 


turkey cock, but the lattice work at the open 


ends, though it conſiſted of iron, could ill 
withſtand the action of ſuch powerful muſ- 
cles. Upon examination ſeven hours after- 


wards, it was found ſeparated from the tubes, 


and coiled up in one | maſs. near the pylo- 


rus, in the midſt of the pebbles and ſco- 


riæ of the food, ſome of which were jam- 
med fo cloſely in the tubes, that there 


the 
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the point of a penknife. I could not per- 
ceive the ſmalleſt fragment of fleſh amongſt 
them, and remained in doubt whether it had 
been digeſted; or expelled by theſe extrane- 
ous bodies. I reſolved to ſubmit this ſpe- 
cies of bird to further experiments, but was 
obliged to abandon the tubes, and have re- 
courſe to the hollow ſpherules, of which I 
have ſpoken above (VII). They were made 
thick and ſtrong, with many ſmall pores 
over the whole ſurface, in order to obviate 
two inconveniencies, the one leſt the receivers 
ſhould be unable to reſiſt the violent impulſes 
of the ſtomach, the other to prevent the mat - 
ters compreſſed and agitated by the action of 
the muſcles from entering ſo readily into 
them. Two of theſe ſpheres were given to 

a turkey cock eleven months old, and in 
twenty-four hours extracted from the giz- 
zard, They contained at firſt about twenty- 
eight grains each of beef and veal braiſed 
very ſmall. Upon opening them after the 
ſame interval as before, and weighing the 
fleſh, the: beef was found to have loſt nine, 
and the veal thirteen grains. I muſt not 
however omit to remark, that they were both 
fully impregnated with gaſtric liquor, and 
conſequently would have weighed ſtill leſs if 
they had been free from it. The beef and 
veal, when touched with the point of a knife, 
ſeemed tenderer than in their natural ſtate, and 
reſembled a 7 — rather than fleſn. They 
had the bitter taſte of the gaſtric juice with 
which: they were impregnated, and the colour 
approaehed' mbre to white than red. They 
were repla&&d in the ſpheres, and kept twelve 
hours in the-gizzard-of another 2 
Satd | B55. ; - ; pon 
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U pon a freſh examination, the beef weighed 

only eight, and the veal only five grains. The 

gaſtric fluid had therefore produced a new ſo- 
ution pang this proceſs was entirely completed 


after the ſpheres, into which the fleſh was put 
for the third time, had continued five hours 
in the ſtomach of a third turkey-cock. 


XLIII. Fleſh is digeſted by the gaſtric li- 


* 


quor of geeſe as well as of turkies. Eleven 
grains of beef, incloſed in a ſpherule, were 
entirely diſſolved in two days in the gizzard 
of one of theſe large birds. 953 
I will not deſcribe three other reſults ob- 
tained, one from an hen, and the two others 
from two capons; ſince, with reſpe& to the 
digeſtion of the fleſh, they are exactly like 
thoſe juſt mentioned. 


All theſe experiments were. made with fleſh 


bruiſed very ſmall; this condition is not in- 
deed indiſpenſably requiſite, but it very much 
promotes digeſtion. The bruiſed fleſh was 
always diſſolved in two days, but when entire 
that proceſs was not completed in four, and 
ſometimes not even in five days. The reaſon 
of this difference is obvious. The more fleſh 
is bruiſed, the larger ſurface does it acquire; 
and in proportion to the increaſe of ſurface, 
more points are expoſed to the action of the 
gaitric liquor, which will confeguently ſooner 
complete the ſolution; - |. fonmg ned. a 
XLIV. Before I proceed further and con- 
clude the preſent diſſertation, I muſt notice 
an experiment of Reaumur, which does not 
perfectly agree with thoſe juſt related. The 
reateſt part of his memoir. is employed in 
hewing the great force of the gjzzatd of gal- 
linaceous ſowls in triturating the food ; in 
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the remainder he endeavours to prove, that 
this viſcus contains no menſtruum of ſuffi- 
cient efficacy to produce ſolution. In ſup- 
port of this propoſition, beſides the argument 
derived from barley continuing unaltered 


within the tubes, he adduces the following 


fact, which requires to be particularly re- 
lated. It is well known, how greedily ducks 
devour, and how ſoon they digeſt, fleſh. In 
order therefore to obtain the information he 
wanted, Reaumur had recourſe to this bird. 
Having provided fix tubes, four of lead, and 
two of tin, he incloſed in the former bits of 
veal of the ſize of a grain of barley, and in the 


latter ſome conſiderably larger. Theſe fix 


tubes he gave to a duck at different times; 
viz. a leaden one at ten o'clock in the morn- 
ing, and another at eight in the evening ; 
next day a third was given at ſix in the morn- 
ing, together with the two tin tubes; laſtly, 
at nine the ſame morning the animal was 
made to ſwallow the laſt leaden tube, and at ten 
was killed. Of the four leaden tubes, one 
was voided the preceding day at nine in the 
evening ; it was that which had been taken 
at ten in the morning; the other five remaimn- 
ed in the gizzard, and the fleſh was not only 
entire, but as firm as at firſt. Some of the 


prep retained their red colour, three of them 


owever had loſt it. The whole capacity of 
ſome of. the tubes was no longer filled by the 
fleſh; not that it had ſuffered any diminution, 
but becauſe it was compreſſed by the ſtones 
and food, which had been admitted at the 
open ends of the tubes. From this experi- 
ment Reaumur infers, that no menſtruum had 
acted on the fleſh, ſince it was not either com- 
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F. DISSERTAPION I. 


minuted or diflolved. | And though he does 
not affirm, that in the gallinaceous claſs di- 
geſtion is the effect of trituration alone, he 


7555 concludes, that the gizzard contains no 


Ivent capable of decompoſing and digeſting 
the aliment. 0 | "IN 
- XLV. What has been above related, ſhews 
how far Reaumur's concluſion ought to be 
extended; when we ſpeak of aliment of a 
hard and compact texture, ſuch as, ſœeds, it 
muſt be allowed, that the gaſtric liquor has 
no action upon them (II, III, IV, V, VI 
VII.) ; but when we are conſidering food na- 
turally tender, like fleſh, or ſuch as is made 
fo by art, like grain in the form of maſticated 
bread, it muſt then be allowed, - that a perfect 
ſolution is effected by the gaſtric juices alone 


r XUE. 8 


Reaumur's experiment the fleſh remained fo 
ſhort a time in the g1zzard, that we cannot be 
ſurprized if it was not ſenfibly diſſolved. If 


wie attend to the times at Which he gave his 


tubes to the duck, and at which he killed it, 
we ſhall immediately perceive, that the tube 
which continued longett in the gizzard, re- 
mained in it only twenty-four hours; a ſpace 
inſufficient, according to my experiments on 
fowls, turkies, and geeſe (XLI, XLIL 
XLIII.), for the gaftric liquor of theſe birds 
to difloive any ſenſible portion of fleſh in- 
cloſed in tubes. I ſhould however have con- 
demned myſelf for a crime of omiſſion if, to 


the proof deducible from analogy, Lhad ne- 


glected to add direct experiments on ducks, 
pon two ducks therefore I repeated the ex- 


; 2 of the French Naturaliſt, with the 
0 


Howing variation; four tubes, each con- 
| 0 e 


DfssERKTATION fi a 


| taining a bit of veal equal in ſize to a barley- 
corn, were given to a duck; in two of the 
tubes the fleſh was whole, but in the two 
others it had been previoully cut into ſmall 
bits: in fourteen hours the gizzard was exa- 
mined; the four tubes were found init; the 
two entire pieces of fleſh were of their origi« 
nal ſize, but inclining to a white colour; the 
ſmall bits were alſo about the ſame ſige as at 
firſt, but were converted into a gelatinous 
paſte. The experiment was repeated upon 
another duck, which was not killed till the 
end of the ſecond day; and now the tubes 
that had contained the minute bits of fleſh 
were entirely empty; and in the others; only 
ſome ſlight traces of a gelatinous concocted 
matter remained. If we combine theſe facts 
with others before related, it will appear; that 
in the gallinaceous claſs, trituration and the 
aſtric fluid mutually aſſiſt each other in per- 
orming the great function of digeſtion; the 
n breaking down the aliment, acts 
as the pre- diſpoſing cauſe; the latter, when 
it is thus prepared, 2 into it, de⸗ 
ſtroys the texture, diſſolves the particles; and 
diſpoſes them to change their nature, and to 
become animalized. 8 
XLVI. But what is the origin of this gaſ- 
tric fluid, ſo uſeful in digeſtion ? How is it 
mixed with the food? And what ſucceſſive 
changes does the latter undergo from the 
action of trituration, joined to that of the 
gaſtric liquor ? Theſe important queſtions 
required a ſtrict examination of the. cefophas 
gus and gizzard, as alſo of the food during 
its paſſage through, and continuance in, theſe 
parts. As experiments are more egnclufive; 
| | D 2 | the 
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the larger the ſcale is, on which they are 


conducted, I conceived that the larger ſpecies, 


as geeſe, turkies, ducks, and fowls, would 


be the beſt ſubjects for theſe enquiries. To 
begin then with the œſophagus of a gooſe, 
this canal at the end towards the mouth, has 


the appearance of an inflated inteſtine; it is 


above. a foot long, and at its origin about an 


inch in diameter, but widens as it deſcends, 


for the ſpace of fix inches and more, when it 
contracts like a funnel, then enlarges again, 
and this enlargement continues to the giz- 
zard. The eſophagus is membranous, its 
fides are ſtrong and thick ; they are thickeſt 
at three inches diftance from the ſtomach, on 
account of a fleſhy faſcia, of which I ſhall 
fpeak below. If we look very attentively, 
we can perceive the whole eſophagus covered 
with points or elongated ſpots, which are 


moſt numerous juſt above the funnel. The 


faſcia appears to confiſt of a multitude of cy- 
lindrical bodies, larger than huſked millet- 


feed. Theſe bodies ſhine through a fine 


membrane, externally ſurrounding the faſcia. 
XL VII. If the eſophagus be inverted, and 
the ſpots examined by the help of a glaſs, we 
plainly perceive that they are follicular glands. 
his ikowite is confirmed by the appearance 
of moiſture on the eſophagus, when they are. 
preſſed. But the follicular glands that appear 
through the flethy faſcia like cylindrical bo- 
dies, bigger than huſked millet, as we before 
K XL VI , are far more eaſily diſtin- 


guiſhable, becauſe far larger. This faſcia, which 
encircles the eſophagus like a ring, is above 
an inch in breadth, and about a line in thick 
neſs. Great part of it is inveſted by a thin 
8432 © WF covering 
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covering of a deep yellow colour, and conſe- 
quently very liable to be torn, When this 
is removed, the. faſcia externally: appears 
white and rough, on account of the number 
leſs prominent papillæ, each of which has an 
evident pore in the center. When the faſcia 
is ſtretched, and much more when it is preſ- 
ſed between the fingers, a drop of whitiſh 
turbid liquor. guſhes out at each pore into 
the ceſophagus; and it may be enlarged, by 
continuing the dilatation or preſſure. The 
liquor is denſe, ſomewhat viſcid, of a ſweet- 
1th, and at the ſame time ſaltiſh taſte. - To 
comprehend immediately that the pores are 
the excretory ducts of . the follicular glands 
lying below, requires very flight anatomical 
knowledge: the glands appear very diſtinctly, 
when the membrane in which the pores are 
inſerted, is removed. The follicles are of a 
pale red colour, and full of a turbid liquor, 
which oozes out from the excretory ducts, 
when the eſophagus is kept under water, 
XLVIII. Below the fleſhy faſcia, the œſo- 
phagus becomes membranous again for nearly 
the breadth: of three quarters of an inch, 
when it is inſerted into the gizzard, ! This 
organ is of the ſize of the fiſt, remarkably 
hard, and of an irregular elliptical figure; 
when opened lengthwiſe at the thinneſt part, 
it is divided into two large muſcles, each 
above an inch in thickneſs, and compoled of 
very compact fibres. It appears plainly, that 
the whole action of theſe great muſcles con- 
fiſts in approximating with violence, and like 
the ſides of a vice, cruſhing and breaking to 
pieces all interpoſed ſubſtances. As the ner- 
yous coat adheres to theſe ſtrong muſcles, 
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and as, howeyer robuſt, it might be injured 
by ſuch impetuous ſhocks, nature has ſaga- 
ciouſly inveſted it with a cartilaginous coat, 
of a ſtructure more capable of reſiſtance, 
which internally lines the cavity of the giz- 


XLIX. In turkies the eſophagus and ſto- 
mach very nearly reſemble thoſe parts in 
ſe. The former, however, is more mem 
ranous, and abounds more in follicular 
glands of a larger ſize, and conſequently 
more conſpicuous. The excretory ducts may 
be eaſily ſeen, and the liquor of the follicles 
may be readily forced out by preſſure. This 
liquor is tranſparent, and ſomewhat viſcid; 
its taſte is rather ſweet. But the œſophagus 
of the turkey has one peculiarity not found 
in the gooſe; it is provided with a burſa or 
bladder, well known under the name of the 
27 or cratmo. In this ſpecies it is very large. 
The crop at the ſides at leaſt, if not at every 
art, is furniſhed with follicular glands, exact- 
y like the others. At the lower part of the 
eſophagus we alſo find the fleſhy faſcia, an 
inch in breadth, and provided with follicles 
much larger than thoſe of the crop or œſo- 
phagus, and in great abundance. The liquor 
=ems to have the ſame properties as in the 
gooſe. It is viſcid, has a fweetith and faltith 
taſte, a turbid white colour, and confiderable 
denſity. | | | 
The gizzard, whether its form or the na- 
ture of its coats be confidered, is exactly 
like that of the gooſe, only weaker and 
maller in proportion to the inferior ſize of 
the bird. 8 | 5 
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L. I have obſerved all that has been related 
with reſpe& to the gizzard and follicular - 
glands of the gooſe and turkey in due pro- 
portion in the duck, common fowl, and even 
in ſmaller birds of the ſame claſs, as the pi- 
geon, partridge, wood pigeon, turtle-dove, 
and quail; with this peculiarity only, that in 
the duck the eſophagus, inſtead of forming 
a crop, has the ſame ſtructure as in the gooſe 
(XLVT). I ſhall therefore omit a deſcription 
of theſe parts, and proceed to conſider the ſto- 
mach in a phytfiological light. 

LI. In ſpeaking of this organ, T have never 
mentioned either follicles or glands; for in 
the fowls hitherto mentioned, I could never 
diſcover any. The internal coat, from its 
cartilaginous nature, appears to be unfit for 
the inſertion of glandular bodies; at leaſt I 
was not able to find the ſmalleſt veſtige of 
them; nor did I ſucceed any better in the 
nervous or muſcular coats, notwithſtanding 
] examined them very narrowly. Reaumur 
having obſerved a vaſt number of ſhort white 
filaments between the cartilaginous and ner- 
vous coats, entertained ſome ſuſpicion f 
their being tubes or veſſels, placed there in 
order to diſcharge their contents into the 
ſtomach (a). I have found theſe filaments 
in all the gallinaceous fowls I have examined; 
bat cannot agree with him that they remain 
attached to the nervous, when the cartilagi- 
nous coat is ſeparated from it : for after fuch 
ſeparation, I have ever ſeen them adhere to the 
cartilaginous, never to the neryous coat ; but 


any per ſon may readily make the trial. Theſe 
TCC : 
D 4 filaments 
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but could never 
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filaments are very numerous; they are pointed 
at the extremity, e to that Which is 
inſerted into the laſt mentioned coat, and 


| reſemble ſhort white down, diſtinctly viſible 


by the naked eye in the larger birds; ſuch as, 
the gooſe and turkey, but requiring the aid 
of a glaſs to be ſeen in the ſmaller ſpecies. 
I have divided many of various ſizes with the 
points of very fine needles, in order to diſ- 
cover whether they were hollow or glandular, 

eve: 400 any appearance of this 
kind: I have alſo ſqueezed them in order to 
ſee if any liquor would ooze out, but to no 
purpoſe: and ſo far 21 ſuſpecting theſe 
filaments of Reaumur to be vaſcular or glan- 
dular, I ſhould rather ſuppoſe them to be 
merely for the purpoſe of joining, or af leaſt 
more. cloſely connecting the cartilaginous 
with the nervous coat. „ 


WMe ſhall ſe elſewhere, that ſtomachs of 
the membranous kind, when they are taken 
out of the animal and rubbed dry, ſoon be- 
come moiſt again: this moiſture comes from 


inviſible veſſels and glands, n their 
liquor into the cavity of the ſtomach. I have 


made the ſame experiment on muſcular ſto- 
machs, but they always continued dry; the 
ſame thing alſo took place, when I preſſed 


= 


them underneath, though this is a yery effec- 
tual means of accelerating and increa 


creaſing the 
aqueous covering. Hence I have good 
grounds for ſuppoſing, that the juices found 
in muſcular ſtomachs do not properly belong 


to them, but come chiefly from the ceſopha- 


gus, and in part from the duodenum, as We 
ſhall ſee below. 
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LII. Nature howeyer, has not failed to pro- 
vide the quantity neceſſary for F. We 


have ſeen the vaſt number of follicular glands 


with which the eſophagus is provided (XLVI, 


XLVII, XLVIII, XLIX.); they muſt needs 
pour in their liquor in great abundance. And 
experience confirms what reaſon ſuggeſts. I 
introduced a ſmall piece of dry ſpunge, previ- 
ouſly cleanſed ' from every impurity, into the 
craw of a pigeon, in which it was left twelve 
hours ; at the expiration of this time I opened 
the craw, and took it out. The ſpunge was 


full of liquor, and on being ſqueezed over a 


larger pieces of ſpunge in fowls and turkies, 
and obtained more of this eſophageal liquor; 
the quantity in a turkey amounted to ſeven 
ounces in ten hours. A fimilar liquor is 
procured in equal abundance, from ſuch œſo- 
phaguſes asaredilated into a large canal, inſtead 
of a craw, as in ducks and geeſe (XLVI, L.). 
This fluid is undoubtedly deſigned to ſoften 


glaſs, afforded above an ounce. I employed 


the food which remains a certain time in the 
craw, or in the large canal; and this not only 
diſpoſes it to be more rea 


but very probably alſo communicates to it 


ſome quality that renders it more eafily di- 
e But it is likewiſe certain, as I have 


ound from experiment, that a conſiderable 


part of this fluid deſcends into the ſtomach ; 


not to mention that denſer and more viſcid 
liquor which diſtils from the fleſhy faſcia, 
lying at the bottom of the eſophagus, (XLVI, 

ALF }.- b | ae 
LIII. Theſe various eſophageal juices ac- 
quire in the ſtomach a bitter flavour, reſem- 
bling that of the food in this viſcus : ang as 
T is 


ily broken down, 
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this taſte exactly reſembles that of bile, which 
in theſe animals is diſcharged through the 
cyſtic duct into the duodenum, I am tho- 
roughly perfuaded that it ariſes from this 
ſource, in conſequence of the bile regurgi- 
tating into the cavity of the ſtomach, and 
being mixed with the food and œſophageal 
liquors collected there. I am confirmed in 
this perſuaſion by other facts, which I ſhall 
have a more convenient place for relating ; 
not to mention the well known circumſtance 
of the bile being found in the ſtomach of 
various animals (a). As . 
LIV. This collection of divers liquors in 
the gizzard of our fowls, ſerves as a men- 
ſtruum for the food, and for diſpoſing it to 

be tranſmuted into chyle. But the firſt ſte 
towards this event is taken in the craw. It 
is here that the aliment is penetrated by the 
eſophageal liquor, and begins to change its 
ſmell and taſte: that of the hardeſt texture is 
prepared to be broken down when it deſcends 
into the ſtomach, which in theſe birds may 
be faid to ſupply the place of teeth. 3 
But the way in which the food deſcends 
from the mouth into the ſtomach, is deſerv- 
ing of attention. When our fowls are abun- 
dantly ſupplied with meat, they ſoon fill their 
craw: but it does not immediately paſs 
hence into the gizzard, where it does not 
arrive till after 'it has been macerated in the 
craw: it always enters in very ſmall quan- 
tity, proportional to the progreſs of tritu- 
ration in the Romach, Here then, what 
3 | + Happens 


(a) Halter Elem. Phyſiol, T. 6. Vallifa. Op. la 
Te 1 - t- | þ# 


Ly 
— 


happens in a mill, may be obſerved to take 

lace. A receiver is immoveably fixed above 
the two large ſtones which ſerve for grinds 
ing the corn; this receiver lets the corn 
which it contains, fall continually in ſmall 

uantity into the central hole in the upper 
| ſtone, through which it paſſes, and diffuſes 

itſelf in the void ſpace between the two ſtones 
where it is 5 down, triturated, an 
pulverized by means of the ſtrong friction of 
the upper ſtone that moves round with great 
velocity upon that below. Meanwhile the 
flour paſſes from between the ſtones, as ſub- 
ſtances triturated by the gizzard, and diſſolv- 
ed by the gaſtric juices, are expelled through 
the pylorus into the ſmall inteſtines. 

LV. All this may be obſerved, by inſpect- 
ing the alimentary canal during the time of 
digeſtion. If the bird has fed upon grains, 
they are found in the cavity of the gizzard, 
partly entire, but ſoftened by a fluid. That 
part of the eſophagus that 55 between the 
end of the crop and the beginning of the 
ſtomach, either contains no grains at all, or 
only a few quite entire. Trituration takes 
place in the gizzard only. :Thoſe which 

ave firſt entered this cavity, are found to 
have loſt the farinaceous ſubſtance, and are - 
reduced to mere bran ; the ſucceeding ones 
are more or leſs broken, and the laſt are en- 
tire. Amid this mixture of bran, and bro- 
ken and entire grains, we always find a ſemi- 
fluid pultaceous maſs of a whitiſh yellow 
colour. This is the farinaceous part of the 
grains decompoſed by the gaſtric liquor, and 
converted into chyme. Meanwhile freſh 
grains Continue to fall into the I” = 

order 
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this admirable proceſs continues as long as 
the grains continue to fall into the ſtomach, 
| Theſe appearances and changes take place 
alſo in animal ſubſtances, whenever birds 
with muſcular ſtomachs feed upon them. 

EVI. At whatever time the ſtomachs of 


theſe birds happen to be opened, they always 


contain a certain quantity of, gaſtric liquor, 
This is leſs abundant when they are full of 
food, (for in this caſe it is abſorbed by the 
food) than when they have little or none, 
If we wiſh therefore to be provided with a 
large quantity of this liquor for experiments, 
it (ould be taken from the empty ſtomach, 
Beſides, in this caſe it is purer than when 
mixed with the food. When examined in 4 
ſtate of purity, its tranſparency, if we except 
a ſlight yellow tinge, is little inferior to that 
of water. It has likewiſe the fluidity, * but 
not the infipidity of water, being always a 
little bitter, as well as falt, I Ta found 


that the gizzards of turkies and geeſe moſt 


abounding in gaſtric juices, probably on ac- 
count of their ſuperior fize, I was induced 
by the quantity they afforded to attempt an 
experiment, which if it ſuceeeded, would 
ſtill further prove that trituration is only an 
affiſting or prediſpoſing, and not the efficient 


cauſe of digeſtion. It conſiſted in trying, 


whether theſe juices retain their ſolvent 
0wer out of the ſtomach. For this purpoſe, 

took two tubes ſealed hermetically at one 
end, and at the other with wax: into one I 
put feveral bits of mutton, and into the other 
ſeveral bruiſed grains of wheat, and then 
filled them with the gaſtrie liquor, In 9 
. 5 that 
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that they might have the condition which in 
theſe animals precedes digeſtion, they had 
been macerated in the craw of a turkey cock. 


And as the warmth of the ſtomach 1s. * | 


bably another condition n the ſolu- 
tion of food, I contrived to ſupply it by com- 
municating to the tubes a 2 of heat 
nearly equal, by fixing them under my ax- 
illæ. In this fituation I kept them at differ 
ent intervals for three days, at the expiration 
of which time I opened them. The tube 
with the grains of wheat was firſt examined; 
molt of them now conſiſted of the bare huſk, 
the flour having been extracted, and forming 
a thick grey ſediment at the bottom of the 
tube. The fleſh in the other tube was in 
great meaſure diſſolved, (it did not exhale 
the leaſt putrid ſmell) and was incorporated 
with the gaſtric juice, which was hence ren- 
dered more turbid and denſe. What little 


remained had loſt its natural redneſs, and was 


become exceedingly tender. Upon putting 
it into another tube, and adding freſh gaſtric 
liquor, and replacing it under the axilla, the 
remainder was diflolved in the courſe; of a 


day. T1. 
i repeated theſe experiments with other 
grains of wheat bruiſed and macerated in the 


{ame manner, and likewiſe upon ſome fleſh 


of the ſame kind, but inſtead of gaſtric juice 


1 employed common water. After the two 
tubes had remained three days under my 


axillze, I found that the grains, where the 
were broken, were ſlightly excavated, whic 
was Occaſioned by an incipient ſolution of 


the pulpy ſubſtance. The fleſh had alfo 


undergone a ſlight ſuperficial folution, but 


internally 
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internally it appeared fibrous, red, firm, and 
in ſhort, had all the characters of fleſh. It 
was alſo putrid ; the wheat too had acquired 
ſome acidity, two circumſtances which did 
not take place in the grains and fleſh im- 
merſed in the gaſtric liquor. Theſe facts are 
then irrefragable proofs that the gaſtric juice 
Tetains even out of its natural fituation the 
3 of diſſolving animal and vegetable 


 tubſtances in a 8 7 7 far ſuperior to water. 


LVII. The gaſtric juice which I employed 
= . That of a gooſe 

roduced ſimilar effects. I have further 
found, that in order to obtain the ſolution of 
animal and vegetable ſubſtances, this juice 
ſhould be freſh. It loſes its efficacy, when 
it has been kept fome time in veſſels, eſpeci- 
Ally if they ſhould happen to be open. It 
alſo becomes inefficacious after it has been 
uſed for an experiment. Laſtly, a conſide- 
rable degree of heat, equal to the temperature 
of man or birds, muſt be applied; - otherwiſe, 


the gaſtric juices are not more effectual in 


diſſolving fleſh and vegetables than common 
water. This artificial mode of digeſtion is 
well calculated to illuſtrate the ſubject I have 
undertaken to treat; but I ſhall have oppor- 
tunities of ſpeaking of it at greater length in 
the ſubſequent nz | 
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DISSERTATION U, 


CONCERNING THE DIGESTION OF AM I- 
MALS WITH AN INTERMEDIATE STO- 


MACH. CROWS. HERONS. 


LVIII. TDY the term intermediate Romach, 


Dl mean ſuch a ſtomach as, on 
the one hand, is not properly muſcular, 


is, provided with thick and ſtrong fides, as 


in the gallinaceous family (I.); and on the 
other, is not merely membranous, that is, 
very thin, as in birds of prey and man, but 
has an intermediate degree of thickneſs and 
ſtrength. The ſtomachs of both the raven 2 
and grey crow (5) may be conſidered in this 
light, though in reality they approach nearer 
to the muſcular than the membranous claſs. 
The intermediate power of theſe ſtomachs 


contributes alſo to characterize them; it is 


(a) Theſe two ſpecies are called by Linnæus, Corvus 
eineraſcens, capite, jugulo, alis caudaque nigris. 
Corvus ater, dorſo atro-ccerulefcente, . cauda ſubro- 
tunda. | WOE GEE, 
_ (6) The hooded crow of Pennant. Corvus Cornix L. 
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very far from being equal to the force of muſ- 
cular, but greatly exceeds that of membran- 
ous ſtomachs. Such tubes of tin, as doves 
and pigeons would flatten and disfigure with 
the greateſt eaſe, remain unaltered in the ſto- 
mach of crows. Thus alſo grain is triturat- 
ed by the former, but continues whole in the 
latter. Their gaſtric muſcles however are 
not inert. They exert a certain degree of 
action, but it is far inferior to that of the 
gizzard in the gallinaceous claſs. Thus, 
though they cannot compreſs tin tubes, they 
are capable of re this effect upon 
tubes of lead, provided they are very thin; 
and thoſe that continue unaltered at firſt, are 
at length ſlightly incurvated or diſtorted at 
the edges, and 2 filled with frag- 
ments of the food, evident marks of confi- 
derable motion in the gaſtric muſcles; there 
are no effects which ſhew ſuch motion inf 
animals with membranous ftomachs, as we 
thall find in its proper place. I have often 
ſeen theſe phenomena, having kept a great 
number of grey crows and ravens: how uſe- 
ful they have been in the courſe of my en- 
quiries the reader will learn from a peruſal 
of the preſent diſſertation. _ | 

LIX. Theſe birds, as well as man, may be b 
denominated ommworous. Herbs, graſs, legu- tl 
minous ſeeds, fleſh of every kind, alive or Mw 
dead, ſerve equally for their nouriſhment. IM ſe 
As theſe two ſpecies poſſeſs powers for the ¶ to 
concoction of various aliments, either entire-| 
ly the ſame as, or ſtrongly reſembling thoſe 
of man, it is obvious, that the knowledge 
obtained from them will greatly illuſtrate t 
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DISSERTATION H. 33 


proceſs of digeſtion in us. They beſides 
ſeem formed on purpoſe to forward the viewys 
of the obſerver. When we wiſh to know 
what changes have been produced in ſub- 
ſtances incloſed in ſpheres and tubes, and 
given to gallinaceous birds, it is neceſſary to 
extract the tubes and ſpheres from their giz- 
zards; that is, it is neceſſary to kill them. 
Hence for every experiment we muſt facri- 
fice an individual, at no ſmall expence to our 
philoſophical curiohty. On the contrary, 
we can perform ſuch experiments upon 
crows as often as we pleaſe, without deſtroy- 
ing a ſingle individual. With reſpect to ſub- 
ſtances, they are incapable of digeſting ſuch 
as the above-mentioned metallic receivers I 
have diſcovered, that they poſſeſs the privilege 
of returning them through the mouth, as 
birds of prey vomit the feathers and hair of 
the animals they have devoured, a circum- 
{tance well known both to naturaliſts, and 
thoſe who train falcons for the field. But 
whereas this vomiting generally takes place 
every twenty-four hours in birds of prey, in 
crows it happens at leaſt every nine, and com- 
monly every two or three hours. | 
LX. As I obtained the ſame reſults from 
both ſpecies, I will employ in my narration 
the generic name only (a). My obſervations 
were begun in winter, the moſt convenient 
ſeaſon for procuring a large number, owin 
to the multitudes, eſpecially of ravens, watt 


(a) Corvus is the generic name in Latin, and Cornac- 
hela in Italian, and Crow may very well ſerve for it in 
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4. DISSERTATION u. 


which Auſtrian Lombardy, and indeed al- 
molt all Italy then abounds. All the crows 
which I could obtain, when newly taken, 
had a large collection of pebbles in the ſto- 
mach; the biggeſt were of the ſize of ſmall 
peaſe, the leaſt of that of millet: they were 
of various ſorts ; I even found rounded pieces 

of brick. But in leſs than ten days not a 
| ſtone remained in the body, a circumſtance 
which I learned from the inſpection of ſe- 
veral ſtomachs, when I had occaſion to kill 
ſome crows in order to obſerve the anatomi- 
cal ſtructure of the alimentary canal. They 
were voided partly at the anus, as it appeared 
from the excrements, and partly through 
the mouth; in the latter inſtances they were 
glued by the gaſtric liquor to the outſide of 
the tubes which I had forced them to ſwal- 
low, and which they afterwards threw up. 
When unprovided with pebbles, they con- 
tinued to eat and were nouriſhed as well as 
before, Hence it is to be inferred, that they 
are not more neceſſary to digeſtion in birds 
with intermediate, than in thoſe with muſcu- 
lar ſtomachs, as we have ſeen above (XX XI). 
And as I inclined to believe, that the laft- 
mentioned claſs do not pick up theſe ſtones 
from choice, but mere accident (XXXHI); 
ſo I conſider the matter like wiſe with reſpe& 
to crows, having obſerved, that though un- 
provided, they never peck them eagerly, cven 
when hungry, but ſwallow them only when 
they happen to be mixed on purpoſe or by 
chance with their food, and as it were con- 
cealed by it. EE 
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LXI. I began my experiments by puttin 
entire ſeeds in the tubes (a). Theſe frees 
were beans and wheat. The reader will eaſily 
perceive, that crows are not fo ſtupid as to 
take the tubes ſpontaneouſly, but that it is 
neceflary to force them down the throat, and 
to paſs the finger along with them till they 
are got into the ſtomach, This I executed 
in the way I had before done in animals with 
muſcular ſtomachs (III). The tubes were all 
thrown up in the ſpace of three hours. The 
beans and wheat appeared as at firſt, exceptin 
that they were fomewhat ſoftened and relle 
by the gaſtric juice, which had penetrated 
ſome way into them. I replaced the grains 
in the tubes, and introduced them again into 
the ſtomach, where they remained two hours 
longer, without undergoing any further 
change. I repeated the fame experiment a 
great number of times, and upon computing 
the ſpace during which the tubes had con- 
tinued in the ſtomach, I found thatitamount- 
ed to forty-eight hours; in this interval the 
ſeeds had ns no other alteration, except 
being a little more moiſtened. The gaſtric 
fluid is therefore incapable of effecting the 
ſolution of theſe vegetable matters. - 
EXIT. But we have before faid, that they 
were entire; on which account, this juice 
could not act upon the farcinaceous ſubſtance 
of the grain till it had traverfed the huſk; 
and this might have diminiſhed its efficacy. 
In order to determine how far the ſuſpicion 
was well-founded, it became neceſſary to re- 


(a ) Theſe tubes were the ſame I uſed for gallinaceous 
fowls, and I continued to employ them in the ſequel, 
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inconſiderable fragments of the ſeeds. 
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this proceſs was very rapid in compariſon 
of that which took place within the tubes, 


u 4 
4 — 
* 
2 
þ 2 
— «+3 
"> 
% 


% DISSERTATION II. 
peat the experiment upon the ſame ſeeds 


ruiſed. This was done, and four tubes full 
of the coarſe flour were given to a crow: 
they remained eight hours in the ſtomach, 
and proved the juſtneſs of my ſuſpicion; for 
upon examining the contents, I found above 
a fourth part wanting. This could ariſe from 
no other cauſe but ſolution in the gaſtric li- 
quor, with which the remainder was fully 
RESIN, Another obſervation concur- 
red in proving the ſame” propoſition: the 
largeſt bits of wheat and bean were evidently 
much diminiſhed; this muſt have been owin 
to the gaſtric liquor having corroded and di 
ſolved good part of them, as the nitrous. acid 
diluted with a large quantity of water, gra- 
dually conſumes calcareous ſubſtances. I re- 
placed what remained of the ſeeds in the tubes, 
and committed them again to the ſtomach, 
wherein they remained, at different intervals, 
twenty-one hours; at the end of which pe- 
riod they were entirely diffolved, nothing 
being left but ſome pieces of huſk and a few 


ys £2. joe . ¶ꝙ OS wont in. ae.” ee ee a OE Sei 


LXIII. Wheat and beans floating looſe: in 
the cavity of the ſtomach, undergo the ſame ff 
alteration as in the tubes. When I fed myll - 
crows with theſe ſeeds, I obſerved, that be- n 
fore they ſwallowed them they ſet them un- i! 
der their feet, and reduced them to pieces by] fl 
repeated ſtrokes of their long and heavy beaks, fi 
And now they digeſted them very well; nay, tc 


But when the birds either from exceflive 
hunger or violence fwallowed the ſeeds en- 
tire, the greateſt part of them paſſed out en- 

| | | | tire 
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tire at the anus, or were vomited. We can- 
not therefore be ſurprized, that the gaſtric 
juice could not diflolve them within the 
tubes, ſince it was incapable of effecting this 
proceſs within the cavity of the ſtomach, 
where its ſolvent power is far ſuperior. 0 
LXIV. To avoid being tedious, Iwill not 
ſpeak of other ſeeds ſubmitted to the ſame 
experiments; ſuch as chicken-peaſe, French 
beans, peaſe, and nut-kernels. I will rather 
mention vegetable matters of a ſofter and 
more yielding texture, which did not require 
to be broken in order to be diffolved; fuch 
as crumb of bread and apples, Theſe ſub- 
ſtances are not only diſſolved within the tubes, 
but require a much ſhorter. time than beans. 
and wheat. Several bits of a ripe apple, 
weighing eighty-two grains, were put into 
fome 2 and diſſolved in the ſpace of 
twenty-four hours in the ſtomach of a crow. 
Four bits of another apple, weighing an 
hundred and three grains, were diffolved in 
little more than fifteen hours, Of an hun- 
dred and ſeven grains of crumb of wheaten 
bread, there only remained eleven after the 
ſpace of thirteen hours. „ 
LXV. From vegetable I proceeded to ani- 
mal ſubſtances. 'The greedineſs which crows 
ſhew for theſe afforded a certain preſage, that 
they would be diſſolved within the tubes. I 
filled eight tubes with beef, and gave them 
to four crows, two to each. The fleſh was 
not minutely bruiſed, as in the cafe of galli- 
naceous fowls (XLII), but each tube con- 
tained an entire piece. An hour had ſcarce 
elapſed when one was thrown up. The fleth, 
upon examination, did not appear to be fen- 
TY" Ok 3 fibly 
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„% DISSERTATION u. 
ſibly diminiſhed, but it Was thoroughly ſoak- 


ed in the gaſtric liquor. e juice was a 


little bitter, and of a yellowiſh green colour; 
the fleſh had acquired the ſame taſte and co- 


lour in ſeveral places. In an hour and three 
quarters two other tubes were vomited up; 
and now the fleſh began to ſhew marks of 
ſolution. The red colour' was changed to a 
dark cineritious hue,- and the whole ſurface 
was become flabby, .and the coheſion of the 
parts was deſtroyed. In another tube, diſ- 


Charged after the ſpace of two hours and 


half, the ſolution had made a greater pro- 
reſs. A dark covering of jelly ſurrounded 
the fleſh, which came away when it was 


touched with the fingers; when applied to 


the tongue, it hardly exhibited the flavour of 
fleſh. The ſolution had proceeded ſtill fur- 


ther in four hours. At the expiration of that 


time two other tubes were thrown up; in 


theſe the fleſh did not amount to half the 


original quantity. The remainder was ſur- 
- rounded. by the ſame gelatinous covering, 


under which it preſerved its natural colour, 
fibrous ſtructure, and favour. There remain- 
ed only two tubes, which were vomited up 
ſeven hours after they had been taken, Bo 

were empty, the fleſh therefore had been 


completely diſſolved, except a few bits of 


jelly that-adhered to the inſide. I never 


could perceive the fmalleſt token of putre- 
faction either during the progreſs, or at the 


completion of the ſolution. - And this ob- 
ſervation, that I may not be under the neceſ- 
fity of repeating it continually, is to be ex- 
tended to all the ſolutions performed not 


only by other CTOWS, but by all the animals. 
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that I ſhall have occaſion to mention in this 
work; for I can aflert with the utmoſt con- 
fidence, that I have never been ſenſible of the 
ſlighteſt ftench either in fleſh or any other 
ſubſtance which I introduced in tubes or any 
other way. „ | 
Nothing could be more ſatisfactory than 
the information obtained from this experi- 
ment. It not only rigorouſly demonitrates, 
that the gaſtric hquor of crows is the ſolvent 
of fleſh incloſed in tubes without borrowing 
the leaſt aid from trituration, but it throws 
ſtill ſtronger light upon the mode of opera- 
tion of this menſtruum in the gallinaceous 
claſs. It begins by ſoftening the texture and 
altering the colour; next ſucceeds the de- 
compoſition of the parts; this tranſmutes 
the fleſh into a kind of jelly of a taſte dif- 
ferent from that of fleſh: the jelly is then 
more thoroughly penetrated by the juice and 
extracted out of the tubes, and in the ſto- 
mach is changed into chyle. It appears alſo, 
that this fluid does not penetrate deeply into 
the fleſh, but acts on the furface only, diſ- 
ſolving and removing one layer at a time, if 
we may ſo ſpeak, like other corroding men- 
ſtrua, until it comes to the innermoſt part, 
which it alſo ſoftens and melts. : 
LXVI. We have ſeen, that the fleſh in the 
tubes ſhewed no fign of ſolution till an hour 
and three quarters had elapſed, and that this 
Renee was completed at the end of ſeven 
ours (LXV). But are we to conclude, that 
this is the meaſure of the time W by 
the gaſtric liquor for this operation? or that 
it would have been accompliſhed in a ſhorter 
time, if the liquor had had free acceſs to the 
e Ex fleſh ? 


* 
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fleſh ? for it is certain, that the tubes are no 
Imall impediment to the gaſtric juice. What 
then would happen if the 1 Was in 
part removed ? and what when it is entirely 
taken away, by putting the fleth looſe into the 
ſtomach ? In order to ſolve the firſt of theſe 
intereſting queſtions, I enlarged the perfora- 
tions in the ſides of the tubes as much as 
poſſible (VII), then filled them with beef, 
as before (LXV), and introduced them into 
the ſtomachs of ſeveral crows. I now per- 
ceived with pleafure the ſuperior efficacy of 
the (gaſtric liquor. In an hour and an half 
three of the tubes were thrown up, and above 
a fourth of the fleſh/ appeared to be waſted. 
Two other tubes were diſcharged in leſs than 
two hours, and contained little more than 
half of their original quantity. And before. 
the completion of the fourth hour, the re- 


* 


maining tubes were entirely empty. | 
LXVII. Before I proceeded to the other 
queſtion, I thought of inverting the forego- 
ing experiment (LXVI), and inſtead of al- 
lowing: freer acceſs to the gaſtric juice, of 
impeding it more and more, and at laſt hin- 
dering it almoſt entirely. I began with em- 
ploying the uſual tubes wrapped in cloth; 
this, although it was thin, was ſufficient to 
prevent the ſolution of the fleſh, which now. 
did not begin to take place till three hours 
after the tubes were introduced into the ſto- 
mach, and was not completed till ten had 
elapſed. - „% un SL 
The linen in which the tubes had been 
wrapped was fingle, I now doubled it in or- 
der to hinder the ingreſs of the liquor more 
effectually, and repeated the experiment s 
24S 0+ >c1 !!!!! Gr EE 
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the ſame manner. The fleſh afforded no token 
of ſolution for four hours, and was not en- 
tirely diſſolved for a whole day. . 
Upon wrapping round another fold the ſolu- 
tion did not begin till nine hours had elapſed, 
and at the end of a day the fleſh was ſcarce 
half conſumed. In other reſpects the gaſtric 
juice had acted upon the fleſh juſt as it does 
in open tubes, excepting only the ſlowneſs 
of its operation. It was become externally 
gelatinous, and incoherent in its parts. It 
was tinged yellow in ſeveral places ; the taſte 
and ſmell at the ſurface were not different 
from thoſe of the gaſtric liquor. or 
I concluded theſe experiments, by tryin 
what would be the effect of putting fleſh 
into tubes with only three or four holes. 
After they had continued nine hours in the 
ſtomach, the reſult was as follows : ſmall ex- 


cavations of greater or leſs depth were made 


in the parts oppoſite to the pores, and from 
theſe excavations ſmall furrows wandered ir- 
regularly along the ſurface of the fleſh. The 
feſhy fibres both in the cavities and furrows 
were become exceedingly tender, they had be- 
ſides loſttheir red colour, and were turned yel- 
low. The reſt of the fleſh was unaltered. 
From what has been ſaid before, the origin of 
the cavities and furrows evidently appears to 
have been *derived from the gaſtric juice, 
which by infinuating itſelf through the little 
perforations, had there diſſolved and deſtroyed 
the fleſh; the reſt remained entire, becauſe 
none of the juice could enter, if we except 
a very ſlender ſtream, which had produced 
the frre. ; 


ILXVIII. 
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LXVIII. Let us now proceed to the fe 
cond . by which we are led to exa- 
mine how much more readily fleth lying looſe 


in the ſtomach is digeſted than when it is en- 


_ cloſed in tubes. Taking ſome of the ſame 


| kind of fleſh that had been uſed before, viz. 


beef, I parted it into two qu portions, one 
of which was again divided into ſmaller bits 
before it was put info the tubes, while the 
other was left entire. Each portion weighed 


eleven pennyweights. I next gave the 1 
which were eight in number, to a crow, and 


to another bird of the ſame ſpecies, equally 


healthy and robuſt, I gave at the ſame time 
the whole portion of fleſh, to which I had 


reviouſly faſtened a thread. This thread, 


nging out of the bird's mouth, and being 
wrapped round the neck, Þ could draw up 
and examine the fleſh at pleaſure. And that 
every. circumſtance might be alike, I had 
taken care that the two crows ſhould have 
their ſtomachs empty. Inthirty-ſix minutes 
one of the tubes was vomited, and at the 
ſame inſtant I drew up the fleſh from the ſto- 
mach of the other crow. The latter was 
throughly imbibed with gaſtric juice, eſpe- 
cially the part that reſted upon the bottom af 
the ſtomach. It had loſt its redneſs, and was 
now of a dirty colour ; it weighed forty-two 
grains leſs than at firſt; on the contrary, the 
fleſh encloſed in the tube retained its original 
weight. | 


The tube and the fleſh tied to the ſtring, 


were replaced in their reſpective fituati- 
ons; and in order that both might remain 
the fame length of time in the ſtomach, 
I took care to return the tubes as they 

| | | were 
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were thrown up. The fleſh was entirely diſ- 
ſolved in three hours, when I immediately 
killed the crow that had the tubes. Upon 


collecting and wag, 17> all the fleſh that re- 


mained in them, I found it to amount to 
about ſeven pennyweights. Hence in three 
hours and nine minutes it had loſt four penny= 
weights... 
On the other hand, the fleſh tied to the 
ſtring was reduced to half a pennyweight, 
which conſiſted of a packet of membranous 
or cellular fibres, the fleſhy part having been 
entirely diſſolved. This experiment clearly 
ſhews, that fleſh left looſe in the ſtomach is 
more ſpeedily digefted than when it is en- 
cloſed in tubes. And theory perfectly agrees 
with fact; for ſince ſolution is the effect of 
the gaſtric fluid, it is evident that the food, 
when looſe in the ſtomach, is attacked by a 
580 quantity than when defended by the 
tubes. | 
LXIX. Young crows, as well as all other 
young birds, eat more than the adult; hence 
ſuſpected their digeſtion. to be quicker. 
Having a neſt of the grey ſpecies brought me 
in June, I made, among others, the experi- 
ment related in the laſt paragraph. The re- 
ſult was very fatisfatory. A quarter of an 
ounce of beef, faſtened as before, to a thread, 
had ſcarce touched the ſtomach, when the 
ſolution began, and in forty-three minutes 
was completed; but an equal quantity diſtri- 


| buted in ſeveral tubes, required four hours 


and a half to be diflolved. Upon opening the 
ſtomachs of the two young birds, I imme-- 
diately perceived the cauſe of. this rapid ſo- 
lution ; they contained half a ſpoonful of 

| gaſtric 
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8 fluid ; a quantity ſeldom met with in 
e ſtomach of adult crows. As the neſt- 
lings require more food, Nature has furniſn- 
ed them with the means of an eaſier and more 
nie y (8 
It is ſcarce neceſſary to remark, that the ex- 
periments related in the LVth and following 
paragraphs, clearly evince this important 
truth, that the digeſtion of food is propor- 
tional to the quantity of gaſtric juice acting 
upon it. When this liquor comes in contact 
only with a few points, the decompoſition is 
very ſlow and inconſiderable (Lx VII ); when 
freer acceſs is Par the ſolution takes 
place more ſpeedily, and is more conſiderable, 
(LXV, LXVI) ; it is very rapid, when every 
obſtacle is removed; and the food is on all 
fides expoſed to the action of the ſolvent 
liquor, ( +0 


JJCͤCͥC0“ꝛ:. $4 
LXX. It is a queſtion of ancient date, and 
ſtill agitated by modern phyſiologiſts, whe- 
ther certain carnivorous animals are capable of 
digeſting bone. Among the various points, 
which 1 propoſed to diſcuſs in the preſent 
work, I conceived that this well deſerved the 
reflection and attention of the philoſopher ; I 
ſhall therefore both here, and in another part 
of my work, relate b on 
the ſubject. If we look Ma crow and a bird 
of prey devouring an anirftal, we ſhall be dif- 
poſed to think that the latter has the power 
of diſſolving bone, but not the former. 
When, for inſtance, a hawk takes a pigeon, 
it firſt ſtrips the back, and devours the muſ- 
cular part of the breaſt; then proceeds to the 
entrails; and, laſtly, ſwallows the ribs, ver- 
tebræ and head, not even ſparing the feet and 
3 wings, 


a. 
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wings, if it ſhould happen to be very hun- 
gry. When the ſame bird is Faſen to a crow, 
it ſets about {tripping off the eſh; but when 
it has picked this clean, it leaves the ſkele- 
ton. This rejection of the bones, is how 
ever very far from being an indubitable proof, 
in the eſtimation of the philoſopher, that 
they are incapable of digeſting them. At 
moſt it inclines us to believe it probable; 
but ſuch probability requires to be confirmed 
by facts: and being engaged in enquiries of 
this nature, I could conveniently ſubmit it 
to the teſt of experiment. As I happened to 
be provided with ſome phalanges of the hu- 
man toes, I encloſed two in one of the uſual 
tubes, which remained thirteen hours in the 
ſtomach. They weighed fifteen pennyweights 
at firſt; nor was this weight at all ent 
ed, or the bones in the leaſt ſoftened. In 
doubt whether. the too great thickneſs. of 
theſe bones might not have prevented the 
gaſtric juice from acting upon them, I had 
recourſe to {ſmaller ones. Happening one 
day to find one of my crows dead in the apart 
ment where I kept them, and the reſt aflem- 
bled round the carcaſe in crouds, and de- 
vouring it eagerly, I took one of the tibiz, 
broke it in two, and encloſed it in a tube. 
The tube continued a whole day in the ſto- 
mach of another crow, but the bone was 
neither ſoftened, or diminiſhed in weight. 
The ſame thing was alſo obſervable, after the 
bone had been left looſe. in the ſtomach for 
fourteen hours longer.. | 
LXXI. The greedineſs with which the 
crows deyoured their companion, induces me 
to digreſs, for the ſake of noticing a wine, 
. 0 
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of the celebrated Dr. Cheyne. He pretends, 

that crows cannot digeſt th fleſh of their 

own ſpecies; and that when they happen to 

ſwallow it, oy 1 it up again.” *©* Ipfa 
aller, 


Cornix (ſays on the authority of 
Cheyne) cornicis _ ingeſtam non poteſt 
coquere & deglutitam vomitu rejicit (a).“ 


But the truth is, that the fleſh which my 


eros devoured agreed very well with them; 


nor did they throw any of it up again. Fur- 
ther, in order to determine certainly whether 
the above-mentioned writer had fallen into an 
error or not, J killed and plucked another 
crow, and threw it into the chamber where 
its companions were kept, when they imme 
diately leaped upon it, and devoured it with 
the ſame avidity as they had done the other, 
without afterwards vomiting the leaſt parti- 
cle of it. Upon killing and opening, three 
hours afterwards, one which appeared to have 
loaded its ſtomach more than any of the reſt, 
I found the fleſh partly diſſolved, and in the 
form of a ſemifluid pulp, and partly in the 
roceſs of ſolution, * very ſtate in which 

1 had ſeen other fleſh. 
LXXII. But let us return to the bones. 
It appears that, whether large or ſmall, they 
are alike inſoluble in the gaſtric juices of 
crows (LXX). But is this true likewiſe with 
reſpe& to thoſe of a ſoft ſtructure, and which 
approach to the nature of a cartilage? This 
was preciſely what I wiſhed to know; and in 
order to determine it, I made uſe of another 
tibia, taken from an unfledged crow, and 
which therefore had not acquired its natural 
ri 11 though it was ſo hard as to break, 
when I tried to bend it: and now the gaſtric 
CCC 1 Þ 
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liquor was not inactive. Of fifteen grains, 
which it weighed at firſt, it had loſt five, 
when it had continued fix hours in the ſto- 
mach encloſed in a tube. It was become fo 
ſoft, that it was capable of being bent into 
the ſhape of an arch. It continued to wafte 
and become ſofter.;- and when it had remain- 
ed twenty-ſeven hours in the ſtomach, it was 
ſo much reduced as to reſemble a thin tube 
of paper. It was not at all gelatinous; and 
when it was preſſed between the fore-finger 
and thumb, it ſhewed ſome elaſticity, by re- 
covering its former ſhape when the preffure 
was removed. It was not ſcabrous either in- 
ternally or externally, but had rather acquir- 
ed a greater degree of ſmoothneſs during its 


8 ſolution, In five hours longer concoction it 


loſt the ſhape of a tube, and was totally re- 

duced to pieces. „ ä 
LXXIII. I tried other tender bones be- 
longing to larger animals; and more or lefſs 
of them was diſſolved, but with difficulty, 
and after a very long interval. The ſolution 
was more ſpeedy in young crows, probably on 
account of the greater abundance of their 

gaſtric juices (LXIX) 8 | 
With reſpect then to the queſtion concern- 
ing bones, we muſt conclude that they are 
indigeſtible by crows, except only ſuch as, on 
account of their ſoftneſs, are rather to be con- 
ſidered as cartilage than bone. „„ 
LXXIV. In the preceding, as well as the 
preſent diſſertation, I have always ſpoken of 
the ſtomach as the place deſtined for the con- 
coction of food. And in truth, whether we 
conſult antient or modern phyſiologiſts, or 
conſider my experiments, it will appear ſo 
clearly 
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clearly proved, that it would be abſurd to ena 
tertain a doubt of it. But it may be proper to 


enquire whether this operation belongs ex- 


cluſively to the ſtomach in the birds in queſ- 


tion, or 1s partly carried on in the œſopha- 
gus. The foundation of this enquiry reſts 
upon the manifeſt decompoſition, which has 
been obſerved in that part of the food that 


is found in the eſophagus of ſome animals, 


as among others in the ſea- crow and the 
pike . In order therefore to aſcertain this 
point, I was led to make a few experiments, 


which I will relate after I have given a ſhort 


deſcription of the ceſophagus and ſtomach in 
crows, and of the ſources of the reſpective 
liquors in theſe two cavities. _ | 


r e 18 membranous, 


and has no craw. When dilated it is cylin- 
drical, if we except a ſlight contraction in 
the middle. To the naked eye it would 
ſeem deſtitute of follicular . glands, which 


however become conſpicuous when it is view=. 
ed with a glaſs. They are in ſuch abundance, 


that there is not a ſingle point of this canal 


without numbers of them. The excretory. 


ducts are ſcarce diſcernible, though they emit 
the liquor of the follicles in great plenty. 
To ſee this, it is ſufficient to paſs the pulpy 


part of the finger over them. The liquor is 


of a viſcid nature, of a cineritious white co- 
lour, and ſomewhat ſweetiſh to the taſte. 


The inferior part of the œſophagus, has the 


ſame kind of fleſhy faſcia that has been no- 
ticed in birds with muſcular ſtomachs. This 


a) Helvetius Mem, de Acad. 1719. Plot Nat. 
faſcia 


Hike of Staffordſhire. 
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| faſcia in crows-18 ſcarce an inch long; and 


in them too; as well as in the claſs of birds 
juſt mentioned, is a tiſſue of large follicular 
«lands very evident to the naked eye, of a 


| roundiſh figure, and full of a fweet fluid, leſs 


viſcid than that in the ſmall follicles in the 
membranous part of the eſophagus, but 
more denſe; and of alighter cineritious hue. 
LXXVI. In the gallinaceous tribe we have 
ſpoken of three coats, the cartilaginous 


, 
nervous, and muſcular (XLVIII, XLIX), 
which principally compoſe the ſtomach. Theſe 
three coats are likewiſe found in birds with 
an intermediate ſtomach. When the carti- 
laginous is ſeparated from the nervous coat, 
and the latter is viewed with the naked eye, 
it is ſeen to contain a multitude of Whitiſh 
little bodies inchaſed in it, which have the 
appearance of points; but when examined by 
the microſcope, change their appearance ta 
that of follicular glands, much ſmaller than 
thoſe in the fleſhy faſcia (LXXV) ; theſe fol- 
licles are full of a viſcid liquor, which they 
diſcharge at the extremity turned towards 
the ſtomach, when they are preſſed by the 
tnger, or any other body. The diſcovery of 
theſe glands in the nervous coat having af- 
forded me room for imagining, that they 
might empty their contents into the ſtomach, 
[ examined the cartilaginous coat with great 
attention, in order to try if I could find any 
minute pores for the tranſmiſſion of the li- 
quor into the cavity of that viſcus ; but I 
acknowledge ingenuouſly, that I could not 
diſcover any. This however by no means 
proves their non- exiſtence; for they may be 


ſo ſmall as to evade the ſight, even when 
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aided by the microſcope. And I cannot but 
believe, that theſe follicles, of which the ex- 
cretory ducts are turned towards the ſtomach, 
are deſtined by nature for pouring their con- 
tents into that organ. . | 
LXXVII. I now proceed to enquire whe- 
ther, exclufively of the ſtomach, digeſtion is 
at all performed in the eſophagus of crows. 
In order to determine this, I firmly fixed to 
an iron wire two equal pieces of veal, one of 
them to the end of the wire, and the other 
two inches above. I then forced it down the 
throat of an hungry unfledged crow ; the 
piece faſtened to the end lay in the ſtomach, 
while the other occupied the eſophagus, 
To prevent them being thrown up, a ſtring, 
faſtened to the upper end of the wire, came 
out at the ebe e and was tied round the] 
beak. Thus I was enabled to draw up the 
fleſh at pleaſure, and examine how much it 
was diſſolved. In an hour the piece that lay 
in the ſtomach was quite conſumed, except 
a little cellular ſubſtanee; but the other piece 
was entire. It was again introduced into 
the eſophagus, and re-examined an hour at- 
terwards; buc now the @ſophageal liquor 
had begun to act apon the fleth: its weight 
at firſt was fix pennyweights, but now only 
fve and an half. It was kept upon the whole 
fix hours in the ' eſophagus, and loft nearly 
two pennyweights. Theſe experiments will 
not permit me to refuſe the eſophagus all 
power of digeſtion, an effect undoubtedly pro- 
duced by the fluid of the follicles (XXV). 


hut it is inconfiderable when compared with 


that of the ſtomach, fince this viſcus diffolv-F - 
n 


ed fix pennyweights of fleſh in an houf, 
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while the œſophagus diſſolved but two in 


| {fix hours. 


LXXVIII. The experiments I afterwards 
made on young crows were ſtill more deci- 
ſive. The ſame wire was employed, and two 
bits of fleſh were faſtened to it juſt in the 
ſame manner, the one occupying the ſto- 
mach, the other the eſophagus. The for- 
mer piece was generally quite diſſolved before 
the Plution of the other began, though in 
time this alſo was very ſenſibly waſted. This 
diminution upon one occaſion amounted to 
ad pennyweights in the ſpace of thirteen 

ours. | 4 

LXXIX. Laſtly, in order to determinewhe- 
ther it was part only of the œſophagus or the 
whole of that canal in crows whic ſſeſſes 
the power of ſolution; I formed a cylinder of 


fleſh half an inch thick, and of the length of - 


the eſophagus and ſtomach taken together. 
I faſtened this cylinder longitudinally to the 
wire employed before, and forced it down the 
throat of a crow, ſo that one end touched - 
the bottom of the ſtomach, and the other 


| reached almoſt to the mouth. In a quarter 


of an hour the whole circumference of the 
cylinder was imbibed with a fluid,. but at the 
lower end only, which reſted upon the bot- 
tom of the ſtomach ; the fleſh had begun to 
be diſſolved; here it was become whitiſh. 
In about an hour for near an inch, 1. e: for 
the whole length of the ſtomach, ſcarce any 
of the cylinder was left; and what little re- 
mained was gelatinous and had loſt its cohe- 
ſion, while the portion that lay in the œſo- 


pnagus appeared to be unchanged : but it did 


not continue fo; a ſort of eroſion began to 
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take place along the cylinder, which went 


their food at pleaſure, ſince the pieces never 


makes there before it falls into the ſtomach. 
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on, but with extreme ſlowneſs. And as this 
eroſion extended along the whole length of 
the cylinder, I had reaſon to believe the whole 
length of the canal capable of concocting the 
food in a ſmall degree, whenever'it happened 
to be lodged there for ſeveral hours. But 
ſuch an event never happens when crows take 


exceed the length of the ſtomach. In this 
reſpect they differ from ſome other animals, 
in which the food, after they have ſwallow- 
ed it, reaches into the eſophagus. 
LXXX. Upon conſidering the great quan 
tity of fluid continually dropping into the 
craw of gallinaceous fowls (L11), it appeared 
highly probable, that the concoction of the 
food is not a little promoted by the delay if 


But the fact is juſt the reverſe. The alimentÞ 
is indeed ſoftened and macerated (LII), but 
I could never perceive that it was at all dit- 
ſolved : at leaſt, I could never ſee any trace 
of it on ſeveral vegetable matters, which had 
been long retained in the craw. In a ſpace 
more or leſs ſhort they become ſoft, and ar 
imbibed with a fluid; but I have not been 
able to perceive, that they were in the 
leait diflolved. We mult therefore conclude f 
that the eſophageal. liquor in gallinaceouWt<: 
fowls is different from that of crows. © Wi! 

LXXXI. But why is the food ſo ſoon dit. 


YR OS... r ney 


geſted in the ſtomach, and fo ſlowly in the e 
eſophagus? Is it becauſe the gaſtric fluid i 


more etfcacious, or in greater quantity, tha ic 
the eſophageal ? What are the properties and 
characteriſtic marks of theſe two nau 5 
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ent Ray we hope. that experiments out of the 
this WW body will be. as inſtructive as thoſe made in 
1 of it ? To enable myſelf to procure a large quan- 
10le WM tity of theſe fluids at pleaſure, was the firſt 
the {tcp towards the ſolution of theſe problems, 
ned And as ſuch a quantity could not be eaſily 
But got by killing the birds, it became neceſſary 
take to invent a contrivance for obtaining it from 
ever them alive. To put bits of dry ſpunge into 
this the tubes, and leave them ſome time in the 
als, ¶ ſophagus and ſtomach, appeared to be the 
ow-W b<cit means of attaining this end; for they 
muſt neceſſarily be ſaturated with the liquor 
aan-W of theſe cavities, and when vomited or drawn 
the up, will ſupply the experimenter with a con- 
aredſiderable quantity, provided he has uſed many 
the tubes. ree tubes were introduced into the 
ay it {tomach of a crow, and four hours afterwards 
ach. vomited up; the three little ſpunges, when 
nent they were taken out and preſſed between the 
but fingers, afforded thirty-ſeven grains of gaſtric 
dit. liquor, which was frothy, of a turbid yellow 
trace colour, had an intermediate taſte between bit- 
hadi ter and falt, and being ſet to ſtand in a wateh- 
pace glaſs, depoſited in a me hours a copious ſe- 
FP a diment. As the ſediment ES to ariſe 
been from the food that was diſſolved by the gaſtric 
the Juice (for the bird had taken food a little be- 
jude fore it ſwallowed the tubes) I repeated the 
eo experiment upon another crow, of which the 
ſtomach was empty, and continued ſo till the 
tubes were thrown up, This precaution I 
ever afterwards qbſerved, at the fame time 
taking care, that the faſt did not laſt toq long, 
leſt it ſhould induce a morbid ſtate in the 
animal. I was likewiſe careful to cleanſe the 
ipunges from every impurity, by repeated 
| R waſhings 
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three tubes, I obtained thirty-three grains of 


When thrown upon burning coals, it extin- 
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flammability when juſt taken from the ſto: 


waſhings and dryings, before I made uſe of 
them again. Upon repeating, with theſe pre- 
cautions, the foregoing experiment with the 


aſtric juice in a ſtate of purity. It differed 
rom the former in being of a tranſparent ye 
low colour, and in depoſiting very little ſedi- 
ment; it had the ſame bitter and falt taſte, 
It appeared to have very little yolatility, as 
it was kept ſeveral days in a watch-glaſs 
without fuers almoſt any diminution, 


uiſhed them inſteãd of taking fire; and when 
e om near a candle, it did not riſe in flame. 
Further, paper foaked in it and thrown upon 
the fire, did not burn till the gaſtric fluid was 
evaporated. It had not more volatility or in- 


mach and ſtill warm. 

LXXXII. The quantity, which was not 
inconfiderable, obtained from three ſpunges, 
gave me hopes of collecting enough for che- 
micalexperiments at large, and for attempting 
artificial digeſtion. Every crow was capable, 
as I found upon trial, of taking eight inſtead 
of three tubes; and as they would be thrown 
up in a few hours, I could repeat the experi- 
ment ſeveral times a day. Therefore to five 
crows, of which I then happened to be in 
= her I gave forty tubes furniſhed with 

ittle ſpunges, 1. e. eight to each. In three 
hours and a half all the tubes were returned 
by the mouth, and the quantity of gaſtric 
fluid expreſſed from them amounted to four 
hundred and eighty-one grains. Many days 
did not elapſe before I had collected thir- 
teen ounces of liquor. I employed it bs 
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the purpoſes for which I had deſigned it, 


and which ſhall be mentioned in their proper 


place. 


experiments, I obſerved ſeveral remarkable 
things. The firſt was, that the gaſtric juice 
flowed in great abundance into the cavity of 
the ſtomach; it ſometimes happened, that one 
of the ſpunges was brought up in a quarter 
of an hour after it had been ſwallowed, and 
in this ſhort ſpace it was conſiderably loaded, 
and in an hour as much as it could be. Se- 
condly, when a conſiderable quantity of fluid 
has been obtained, another, and even a third 
may be got immediately. Sometimes when 
a crow has vomited up the eight tubes, I put 
freſh ſpunges into them and returned them 
without delay; and this I repeated a third 
time and found, that the quantity procured 
the laſt time was as great as the ſecond, and 
even the firſt, Thirdly, the fluid had always 
the qualities above-mentioned (LXXXI), if 
we except a difference of colour, It is com- 
monly of a pale orange, but ſometimes of a 
cineritious yellow. 


LXXXIV. I took the ſame method to 


procure the eſophageal liquor, with the va- 
riation only of a fingle circumſtance. The 
tubes were now faſtened to threads, which 
were brought out at the. mouth, and tied 
round the beak to prevent its being opened. 


Thus the tubes were fixed in the œſopha- 


gus, without the leaſt danger of their get- 
ting into the ſtomach, or being thrown up. 
Beſides, I could draw them up at pleaſure. I 
introduced four tubes at once into the œſo- 


F 4 phagus 


LXXXIII. While I was engaged in theſe * 


mo 
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agus of a crow, and extracted them in 
three hours. I learned from this firſt trial, 
the ſcantineſs of the eſophageal compared 
with the gaſtric fluid. The four ſpunges 
ſupplied me with eleven grains only, Doubt. 
ing whether this might not be mere accident, 
I repeated the experiment ſeveral times, and 
allowed the tubes to remain longer in the 
_ eſophagus, but the ſpunges were very far 
from being ſo thoroughly ſaturated with fluid 
as in the ſtomach ; ſo that direct experiment 
proves the great abundance of the gaſtric, in 
compariſon with the eſphageal liquor. If 
the ſtomach and ceſophagus of a crow 2 
laid open longitudinally, the latter will be 
found to be moiſtened with its proper fluid 
only, while the former 5 ords re- 
ception to part of it likewiſe. heory too, 
in the preſent caſe, agrees with fact. The 
natural poſture of crows, and indeed of moſt 
other birds, is ſuch, that the liquor which 
o0zes out from the internal ſurface of the 
ceſophagus, cannot but deſcend to the Tower 
parts from the Jaw of gravity, and thence 
into the ſtomach. This organ muſt there- 
fore be the receptacle of the eſophageal 
fluid; but it is more than probable, that 1 
has a peculiar fluid alſo (LXXVI); beſides, 
we are certain, that the bile is mixed in con- 
fiderable quantity with the gaſtric juices. 
have very frequently found the bottom of the 
ſtomach in crows full of it, and this is the 
reaſon Why this juice is always bitter and 
yellow. Further, upon opening the duode- 
num longitudinally, I have perceived the 
yellowith green veſtiges of the bile, which 
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is diſcharged into that inteſtine at the diſ- 
tance of at leaſt three inches from the pylo- 
rus through the cyſtic duct, which evidently 
ariſes from the gall- bladder. The conjunc- 
tion of all theſe liquors, muſt produce a quan- 
tity of fluid far | hs than that which de- 
rives its ſource from the œſophagus alone. 
And I doubt not but this is the reaſon, why 
the food 1s digeſted more ſpeedily and per- 
fectly in the ſtomach than the eſophagus 
 (LXXVII, LXXVIII). Though I ſhould 
alſo ſuppoſe, that this 1s in part owing to the 
greater energy of the gaſtric liquor from the 
admixture of the bile, which never riſes into 
the oeſophagus, as it appears from the juice 
of that 8 never being at all yellow or bit- 
ter, but nearly inſipid and colourleſs. 
LXXXV, It remains now for me to ſpeak 
of ſome attempts to produce artificial digeſtion 
with the gaſtric juices, reſerving-for ano- 
ther opportunity the recital of the chemical 
experiments made upon that flyid, obtained 
both from crows and other animals, with the 
view of acquiring as complete a knowledge 
as poſſible of its nature and properties. The 
greater abundance I was able to procure from 
crows, by means of vomiting, gave me the 
adyantage of inſtituting a greater number ot 
trials, than with that of gallinaceous fowls 
(LVI, LVII), from which the gaſtric li- 
quor could not eafily be procured without 
killing them. - I firſt wiſhed to examine the 
effect of the gaſtric Juices of crows upon 
fleſh, in the open air. It was January, and 
Reaumur's thermometer placed near the veſ- 
ſel uſed for the experiment, ſtood at the ay 
rg 7 1 25 an 
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and fifth degree (3). For greater certainty 
in theſe experiments, I eſtabliſhed a term of 
compariſon, by employing fimilar veſſels'con. 
taining the ſame fleſh infuſed in water. ] 
alſo took care upon the preſent as well as 
other occaſions, that the fleſh ſhould be com- 
pletely immerſed in the reſpective liquors, 
and that the phials ſhould be cloſed with 
ſtopples. For ſeven days the fleſh kept in 
the gaſtric juice, and in water continued the 
ſame. On 225 eighth I perceived a flight 
ſolution, for upon agitating both liquors, 
ſeveral particles ſeparated from the larger maſs, 
and fell down to the bottom of the phaals, 
No further progreſs was afterwards made, 
and the gaſtric fiuid did not ſeem at all more 
efficacious than common water; only the fleſh 
immerſed in the former was preſerved from 
putrefaction, but not in the latter. 3 

LXXXVI. In this experiment I had uſed 
beef; I verified the ſame obſervation upon 
the more tender fleſh of calves, chickens, 
and pigeons, notwithſtanding the heat of the 
atmoſphere had now raiſed the thermometer 
to ſeven degrees (5). While I was making 
theſe experiments in the natural temperature 


of the air, I was employed about others of a 


like nature in a warmer medium, viz, in a 
ſtove, in which the heat varied between (c) 
22* and temperate, And now the effects pro- 


(a) Wherever the thermometer is mentioned in this 
work, the ſame, viz. Reaumur's is to be underſtood. 
N. B. The fourth and fifth degrees of Reaumur's ther- 
mometer anſwer to about forty-two and forty-three and 
one-fourth of Fahrenheit's. | 
(5) Forty-eight and three-fourths of Fahrenheit's. 
(e) Seyenty-nine and a half of Fahrenheit's. : 


duced 
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duced by the gaſtric fluid, differed from thoſe 


produce by water. In the latter the fleſh 


gan to be a little diſſolved in two days; this 
was an effect of incipient putrefaction, as ap- 
peared plainly from a fœtid ſmell which began 
to be exhaled. The ſmell continued to increaſe 
during the following days, and in a week 


became intolerable, and the fleſh was reduced 


to a nauſeous pulp. In the gaſtric juice the 
ſolution was more rapid, and exhibited dif- 
ferent phznomena ; twenty-five hours were 
ſufficient to decompoſe the fleſh contained in 
it, and in a little more than two days there re- 
mained only a very ſmall morſel entire. Theſe 
ſolutions never emitted any bad ſmell ; whence 
it is evident, that vn. did not arife from in- 
cipient. putrefaction, like thoſe in water, but 
from a more efficacious and a different men- 
ſtruum, viz. the gaſtric liquor. | 
LXXXVII. Being now engaged by diffe- 
rent occupations, I was obliged to interrupt 
theſe experiments, and could not reſume 
them till the June following; and then tak- 
ing advantage of the ſeaſon, I expoled to the 
fun two phials filled to a certain height with 
gaſtric juice from crows, in one of which 


were immerſed ſeveral pieces of beef, and in 


the other crumb of wheaten bread. Nine 
hours of ſunſhine much forwarded theartificial 


digeſtion, which was the object of enquiry. 


A good part of the fleſh was reduced to a 


kind of glue, that when it was handled ad- 


hered to the fingers; nothing like fleſh re- 
mained in any of the pieces, but the nucleus, 
which was {till confiſtent and fibrous, and 
theſe twp qualities it loſt the next day ; after 


having been expoſed fix hours to the ſun the 
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nuclei, like the outſide, no longer retaining a 
fibrous ſtructure. The heat in the ſun, as 
well on the firſt as the ſecond day, was between 


forty and forty-five (a). The gaſtric liquor. 


produced upon the bread a change analogous 


to that which the fleſh had-undergone. It not 


only loſt its white colour and was turned grey, 
but had become viſcous, and no longer pre- 
ſented to the eye the appearance, 9 it 
retained ſomewhat of the taſte of bread. Of 
bread as well as fleth immerſed in water and 
expoled to the ſun fer the ſame time, there 
was a perceptible diminution; but it was 
very ſuperficial and inconfiderable when com- 
ared with that produced by the gaſtric fluid, 
he br&ad turned ſour, and the fleſh became 
putrid, circumſtances that did not at all ap- 
pear in the other phials. - . 
LXXXVIII. Thus a tolerably complete 
concoction was obtained in the hg of the 
ſun; but it was reaſonable to ſuppoſe, that it 
would be ſtjll more perfect in the tempera- 
ture of the ſtomach, In the preceding diſ- 
ſertation I have obſerved, that by way of 
ſubſtitute for the natural heat of the animal 
that furniſhed gaſtric liquor for the experi- 
ment, I fixed the tubes under my axilla (LVE 
LVII); ſuch an expedient was neceſſary, 
fince glaſs is incapable of refiſting the violent 
impulſes of the gizzard, But there was now 
no longer the fame danger, and the experi- 
ment might be made in the following man- 
ner. Several glaſs tubes fix lines long and 
three in diameter, were hermetically ſealed at 


(a) An hundred twenty-two, and an hundred thirty- 
three and one-fourth of Fahrenheit's thermometer. 


one 
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dne end, and at the other bits of fleſh were 
introduced, and then the tube was filled with 
gaſtric fluid. It was then very carefully ſtop- 
ped with ſealing-wax, and the tubes were 
forced into the ſtomachs of ſeveral crows. 
Should digeſtion now take place it might 
be properly called artificial, ſince it muſt 
have been effected in cloſe. tubes, to which 
the juices of the ſtomach could have no ac- 
ceſs, But I ſoon found that the wax became 
{oft in the animal heat, and conſequently did 
not keep the tubes cloſely ſtopt, as I withed. 
There was however no difficulty in ſubſti- 
tuting a firmer cement, which would not be 
either melted or ſoftened ; and with ſuch a 
cement I repeated the experiment juſt men- 
tioned, and others of a like nature, which I 
will deſcribe hereafter. I prepared two tubes 
in this manner; they were given to a crow, 
and returned by vomiting in an hour and an 
half. I will not conceal my amazement at 
finding, that the pieces of fleſh encloſed in 
the tubes were not in the leaſt changed, un- 
leſs it was in having acquired a blueiſh red 
colour. My amazement was {till more in- 
creaſed upon obſerving, that they had under - 
gone no further alteration after remaining 
four hours longer in the ſtomach of the ſame 
crow, encloſed as before in two ſealed tubes. 
Theſe bits of fleſh weighed in all twenty- 
eight grains; ſo inconfiderable a quantity 
would have been diſſolved in a few minutes, 
if it had been looſe in the ſtomach, and in a 
very few hours, if it had been encloſed in 
tubes open at the ends. 5 
LXXXIX. Did this unexpected failure 
ariſe from the communication between the 
| external 
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exernal air and that within the tubes being 
cut off, or from a deficiency of gaſtric fluid, 
or elſe for want of the action of the ſtomach 
upon the fleſh? I confidered maturely theſe 
conjectural explanations, but they appeared 
altogether inſufficient. With reſpect to the 
laſt, it is repugnant to all thoſe facts which 
prove the ſolution of aliment within tubes, 
open indeed at the ends, and perforated along 
the ſides, but which effectually prevent the 
mechanical action of the ſtomach upon their 
contents. That the gaſtric fluid was in too 
ſmall quantity for the ſolution of the fleſh, is 
a ſuſpicion unworthy of attention; for the 
pieces were always covered by it, fo that the 

uantity of fluid muſt have been greater than 
8 of ſolid. Laſtly, the communication 
between the external air and that within the 
tubes being intercepted, cannot in all like- 
likood be the reaſon why ſolution did not 
take place. In order to determine this cer- 
tainly, I made the following curious experi- 
ment. Having prepared ſeveral glaſs tubes 
of the length Þ x fix inches, I ſealed them 
hermetically at one end, by means of a re- 
-verberated flame, and the oppoſite extremi- 
ties were drawn out ſo as to form elongated 
cones. Through the open end of theſe cones 
J poured a quantity of gaſtric fluid, together 
with a few ſmall pieces of fleſh; which filled 
two thirds of the wider part of the cone. 
I then introduced the cones by their baſis 
into the ſtomachs of ſome ctows, allotting 
one to each bird; and when they reſted upon 
the bottom of the ſtomach, their apexes came 
out at the mouth. To prevent their being 
thrown up, I uſed the precautions mentioned 
150 in 
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in afiother place (LXXVI). Theſe conical 
tubes muſt no doubt have been very incom- 
modious to. the animals, but they were ex 
ceedingly well adapted to the end I had in 
view, ſince a free paſſage was allowed for the 


external air into them. However, notwith- 


ſtanding this, the fleſh remained ſeveral hours 
immerſed in the gaſtric fluid, without ſhew- 


ing any ſign of decompoſition. 


XC. It is proper to apprize the reader, that 
when the ſealed. tubes, or the cones, were 
kept long in the ſtomach, as, for inſtance, 
ten or twelve hours, the fieſh was generally 
reduced to a dark-coloured-gclatinous pulp. 
But this did not remove my turprize at ſee- 
ing ſo flow a ſolution in thoſe cloſe receivers, 
in compariſon with the rapidity of the pro- 
ceſs in the ſtomach. The gaſtric. juice was 

uite freſh, it was in ſufficient plenty, and 
a feſh put in the tubes and cones was ex- 
poſed to the ſame degree of heat when it is 
in immediate contact with the ſides of the 
fttomach. EE 

If crows are killed during the proceſs of 
digeſtion, the bottom of the ſtomach gene- 
rally abounds in gaſtric juice, which when 
compared with thatexpreſied from the ſpunges, 
appears to differ a little, being more denſe 
and bitter, and of a yellow inclining to azure. 
The juice which is mixed with the food, 
and occupies the upper parts of the ſtomach, 
approaches more to the nature of that with 
which the ſpunges are imbibed. Having 
learned from experiment, that digeſtion pro- 
ceeds moſt rapidly at the bottom of the ito- 
mach, on account probably of the gaſtric 


juice being more active and efficacious there 


from 


- 
— — ä 4 


| 
| 
| 
[ 
| 
| 
| 
ö 


& DISSERTATION If: 


from its immediate mixture with the bile; 


which gives it the yellowiſh azure hue and a 


bitterer taſte, I preferred this juice to that 


from the ſpunges; and repeated with it the 
experiments with the ſealed and conical 
tubes mentioned in the LXXXVIIlth and 
LXXXIXth paragraphs. But the event did 


not anſwer my expectation, no ſolution of 


the fleſh taking place till ſeveral hours had 
elapſed. N Tos 

CI. Upon comparing the laboratory deſs 
tined by nature for the proceſs of digeſtion, 
and theſe receivers prepared by art to accom- 
pliſh the ſame end, I could diſcover but two 
differences; the fleſh in the veſſels undergoes 
the action of a fluid which is never renewed; 
while, on the contrary, in the natural labo- 
ratory it is continually ſubjected to the action 
of freſh juices, inceſſantly ſupplied by an 
innumerable multitude of follicular glands: 
Beſides, the gaſtric juices being confined 
within the cavity of the ſtomach, there is 
little or no evaporation ; whereas, when ex- 
poſed to the air, and conſequently cooled, 
they cannot but loſe ſome of their more 
volatile and active particles by evapora- 
tion. Does then the flow ſolution of fleſh 
in cloſe tubes and in cones, depend upon the 
gaſtric juice being deprived by theſe two 
cauſes of part of that energy, on which di- 
geſtion depends? I found from experiment; 
that the former cauſe, at leaſt, the want of 
renovation had great influence in retarding 
the ſolution. It, inſtead of perfectly cloſing 
the tubes, I left a ſmall perforation capable 


of allowing ingreſs and egreſs to the gaſtrie 


Juice, the ſolution of the fleſh took place 
7 much 
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much ſooner. The ſame thing happened, 


when, inſtead of leaving the ſame juice in 


the cones all the while, I was at the pains 


of changing it ſeveral times, But warmth 
is another condition abſolutely indiſpenſable 
for rendering the gaſtric fluid of theſe ani- 
mals fit for Agenten When this liquor is 
kept in a temperature not more than four or 
five degrees above the freezing point, its ſol- 
vent power is ſo much impaired, that it does 
not ſeem more efficacious than common wa- 


cs This is alſo obſervable at 


ſeven degrees (a) (LXXXVI). In order to ren- 
der the effects of the gaſtric juice perfectly 
ſenſible, a ſtronger heat is requiſite, as from 
ten to twenty-two degrees = XXVI). Still 
ſolution proceeds very {lowly ; to remedy this 

the animal heat is neceſſary, viz. about thirty 


degrees (4) (XC). And fo remarkable is the 


effect of heat in this particular, that the my 

liquor, which, for want of being renewed, 
concocts fleſh flowly at thirty degrees (XC); 
effects this very ſpeedily at forty and forty- 


five degrees (c) (LXXXVII). 


II. Every time I expreſſed the juice 
from the ſponges, I waſhed them in pure 
water, which was tinged yellow by the re⸗ 
mains. After having made ſo many experi- 
ments on the gaſtric fluid in a ſtate of purity, 
I conceived it might not be altogether with 
out its uſe, to make one with the water in 


(a) Forty: ſeven three-fourths of Fahrenheit's thermo- 
nete, e 5 
(5) Ninety- five one-half of the ſame. ___ 

(e) One hundred and twenty-two, and one hundred and 
thirty-three one-fourth of Fahrenheit's thermometer. | 
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which the (purges had been waſhed ; with 
this water | therefore filled a ſmall glaſs 
phial, which was left expoſed to the ſun, 
VPich a piece of fleſh in it, for three days in 
July. "*Ehe. les (which as mutton) thaw 
ed {ome figns of ſolution. On the third day, 
there appeared upon the bottom of the phil 
a quantity of impalpable matter of a cineri- 
tious colour, conhiting of particles ſeparated 
from the fleſh immerſed in the liquor. Not- 
withſtanding the ſeaſon, as it uſually is in 
July, was very. hot, it had acquired little or 
no fœtid {mell; whilſt a ſimilar piece of 
fleth, expoſed to the ſun in the fame manner, 
but immerſed in Water, became intolerably 
putrid on the ſecond day. „ 
III. But it is time to quit the {ubjef 
f digeſtion in crows, and to proceed to that 
of herons, the other ſpecies of bird which 
I propoſed to examine in this diſſertation. 
The herons upon which my oblſcrvationsÞ 
were made, and which the nomenclators 
denominate cineritious, or grey (a), mult cer- 
tainly be clafſed among birds with interme- 
diate ſtomachs, ſipce the ſides of this viſcus 
have an intermediate thickneſs and ſolidity 
between membranous and muſcular ſtomachs, 
When this organ is dilated, it appears about 
two inches wide, and as many long ; its form 
approaches to that of a cylinder. When 
opened lengthwiſe, and obſerved internally, 
it preſents the appearance of rugæ, of which 
ſome run in a longitudinal, ſome in a tranſ- 
verſe, and others in an irregular and oblique 
direction. The ſides of the ſtomach are co- 


(4) Linn. Syſt. Nat. T. 1. Bel. Av. 
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vered. with a Kind of gelatinous 


ng, of 
ſome conſiſtence, but eaſily nee 1 of 
a colour between white and 75 low. This 


laing ene of tt ang. ould be 1 In 
6008 to ſuppc +2 is the innermoſt coat 
of the 3 he nervous coat next pre- 


ſents itſelf; it is Tok a whitiſh colour, and 
moderate e thickneſs, but its texture is trongs 
and it is not ealily lacerated. When this 
coat has been cleaned and dried with a nap⸗ 
kin, and then diſtended, and compreſſed un- 
derneath, it will be immediately covered with 
an effuſion of very ſmall and ſcarce vilible 
drops, which enlarging and approaching to- 
wards each other, form at laſt a thin aqueous 
veil. And if this veil be wiped ade and 
2 . op * page 1 ded and 
queezed, another Ike the will appear; 
ch and in like manner a third, a fourth; &c; 
M. wich this difference only, that the quantity - 
0B of humidity is every time diminiſhed; There 
ooh can be no doubt of this being a portion of the 
er- gaftric fluid, diſcharged directly into the Ca- 
ne” Wl vity of the Romach. TI have employed 
utmoſt attention in ſearching whether this 
lit liquor derives its origin from glands, or any 
05 enalogous bodies, but could never diſcover ei- 
ou cher the one or theother,; and therefore it muſt 
0 be ſuppoſed to be ſecreted by ſmall arteries, 
ben wn a. open into the ſtomach, and depoſit 
Ahe their contents there. Afﬀter the nervous, we 
neu have the muſcular coat, of a red colour, a 
an {carce a line i in thickneſs. It is compoſed by 
fleſhy ſtriz, partly tranſverſe, partly longitu- 
 CO-of inal. The former appeared to me to OI 
the ſurface only, the latter conſtitute t 
internal ſtrata, and are continued to the ter- 
2 mination 


88 IF .. 
mination of this coat. There is alſo another 
coat, conſiſting of cellular ſubſtance, and 
this is the laſt of all. e 
* XCTV. The ſtomach always, and eſpecial- 
ly when empty, contains more or leſs gaſtrie 
fuld, of a bitter taſte, turbid yellow colour, 
and generally of ſome denfity. The bitter- 
neſs is owing to_the bile, which has this 
taſte, but in an intenſer degree; I have often 
found it at the bottom of the ſtomach, and in 
the vicinity of the pylorus. The gall-blad- 
der in length exteeds an inch; its greateſt 
diameter is of of five or ſix lines; in ſhape it 
reſembles a ſmall egg, of which the ſharp end 
is inſerted into the liver. Notwithſtanding 
many careful examinations, I am not certain 
of having found the cyſtic duct; I however 
ſuſpe& that it perforates the duodenum, at 
the diſtance of ſix inches from the pylorus; 
this I colle& from a line of an azure-yellow 
hue, which ariſes from the gall-bladder, and 
is inſerted into that part of the inteſtine. 
- XCV. Above the ſtomach we meet with 
the fame kind of fleſhy faſcia, which I have 
noticed in gallinaceous fowls and crows, 
(LXVI, XLVII, LXXV). In the grey he- 
ron it exceeds an inch in breadth. This fat 
cia is alſo covered with the fame gelatinous 
lining that inveſts the ſtomach (XCHHI). 
Next we find the nervous coat of a'finer tex- 
ture than that of the ſtomach, of which it 
appears to be a continuation. This coat, 
when attentively viewed, looks like a fieve, 
fo much is it perforated at every part. The 
perforations are _ but the apertures'or 
mouths of ſubjacent follicular glands, occu- 
pying almoſt all the inſide of the faſcia, 55 
. . | 2 ; VIilDIC 
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yifible through it. If the nervous coat be 

any where compreſſed, a viſcid, cloudy, and, 

as far as I could judge, inſipid liquor oozes 

out at theſe mouths, and continues to :00ze + 

out if the preſſure be continued. The folli- 

cles that lie beneath, manifeſtly N this 
e ſu 


fluid in ſuch abundance. It would 1. 


| flous to defcribe theſe glandular bodies, ſince 


they exactly reſemble *thoſe of crows and 
gallinaceous fowls ; whether we conſider the 
immenſe number of them, or their poſition, 
contiguity, ſhape, or cajoyr—Wheh we 
raiſe this aggregation of tollicles, we come 
to the muſcular coat, which is very thin, and 
conſiſts. of ſeveral ſtrata of long and com- 


pact fleſhy faſciculi; next to which lies the laſt 
or external coat, the thinneſt of all, and con- 


| fiſting of cellular ſubſtance. 


XCVI. The. eſophagus is about twelve 
inches in length, and in breadth one and a 
half. Its ſhape is nearly cylindrical,. but it 
becomes narrower near the ſtomach. Upon 
examining it externally with a microſcope, I 
diſcovered that it was quite full of minute bo- 
dies, which are, I ſuppoſe, glandular. ' When 
it has been carefully inverted and inflated, 
and the humidity, which' always covers it, 
has been wiped away, if now we lay hold of 
one end, and ſqueeze it forcibly, ſo that it 
ſhall be enlarged in the adjacent parts, the 


humidity will appear again; and upon re- 


peating the compreſſion, it will be ſeen ſeveral 
ſucceſſive times, juſt as in the ſtomach, 
(XCIII) ; with this difference, however, as I 
conceive, that the humidity in the ſtomach 
derives its ſource from iſmallarteries; and in the 
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eſophagus from minute glands, or fome ana. 
Jogous bodies. F 
XCVII. It was natural to ſuppoſe that this 
ratus of | fluids, which are conftantly 
trickling into the cavity of the ſtomach and 
ckſophagus of herons, are chietiy deſigned for 
digeſtion. But the ſmall number which 1 
1 and their almoſt never vomiting, 
like crows, indigeſtible bodies, and conſe- 
2 tubes, did not permit me to make 
ſuch a ſeries of experiments as JI could have 
wiſhed. I have however been able to make 
the moſt eſſential, of which one confifted in 
enquiring into the manner of digeſtion in the 
ſtomachs of theſe birds. For this purpoſe 1 
had: recourſe to the tubes, than which I do 
not believe there are any means better adapted 
to ſuch enquiries. It is well known that the 
grey heron feeds on fifhes, frogs; water- 
makes, and ſeveral forts of aquatic worms and 
inſets... Thofe in my poſſeffion devoured 
frogs, and eſpecially fiſhes, with great greedi- 
nefs; and I therefore ufed them for my expe- 
riments. They ſwallow frogs of a moderate 
fize whole. A whole frog, inclofed in a tin 
tube, was introduced into the ſtomach, to- 
_ gether with a fith, of bulk nearly equal, in- 
eluded in another tube. In twenty-four 
hours the heron was killed, and the ſtomach 
opened; though the tubes were very thin, 
they had received no damage, if we except 
two flight contuſtons upon one of them; they 
were fo light, that it was not difficult to 
gneſs that they no longer contained the ſame 
quantity of matter that had been put into 
them. The little aſh was all diſſolved, ex- 
cept ſome of the ribs, a few bones * = 


Fw.  gT OwtQlte ao” es. ac . — ⅛ eee . MM.. VIA... hoe CE . x ʒ Eg TEES, 


DISSERTATION i 
head, and a bit of the fleſh of the back; 
which was fo tender, that the parts no longer 
cohered: The frog's ſhape was more eaſily diſ- 
tinguiſhable than that of the fiſh ; the pulp 
of the thighs, and even the bone itſelf, was 
quite deftroyed ; but the ends of the lower, 
as well as' the upper limbs remained. The 
integuments of the abdomen and thorax were 
no longer to be found; and the ſubjacent 
fleſh was become ſo foft, that it appeared to 
have undergone a flight boiling. The bones 
had acquired the ſoftneſs of cartilage. Theſe 
remains of the ++ Eons fiſh were impregnated 
with gaſtric fluid, and taſted bitter. The 
intelligent reader perceives the immediate 
conſequences of this experiment. In the 
firſt place the ſtomach of herons acts with 
ſome force upon the ſubſtances it contains, as 
we may collect from the flight contuſtons 
upon one of the tubes. Secondly, digeſtion, 
Which was in an advanced ſtate in the frog, 
and quite complete in the fiſh, is not the ef- 
fect of trituration, but of the gaſtric fluid, 
which entering in at the open extremity of the 
tube, or through the lateral holes, penetrated 
the two animals, and by virtue of its folvent 
power, partly confamed them; but it 
made greater havock upon the fiſh than the 
frog, on account of its being tenderer. 
Thirdly, the efficacy of the gaſtric fluid of 
the heron is not limited to the ſolution of 


ſoft parts, ſuch as the ſkin, fleſh, &c. but 


extends to the hardeſt alſo, viz. the bones. 

XCVIII. Of the laft circumſtance I with- 
ed to obtain greater certainty, by putting 
bones alone iffto the tubes. We have al- 


ready ſeen that crows are incapable of di- 
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eſting hard bones, and that they digeſt fuch 
+ are tender with difficulty (LXX, LXXII, 
LXXIII). It was, * an 975 .of 

great curioſity to diſcover what would hap- 
pen in herons; and it was eaſy to ſatisfy this 
curiofity, by incloſing bones of ſeveral ſorts 
in the tubes; in one I therefore encloſed only 
the tender bones of frogs or fiſhes ; in another 
hard bones, viz. the thigh-bone of a turke 
broken into two pieces. The pieces of bot 
the hard and tender bones were formed into 
two bundles, and tied with thread. After 
an heren had retained theſe two tubes in its 

ſtomach twenty-ſeven hours, it was killed. 
It was with a mixture of ſurprize and pleas 


ſure that I ſaw. the tube which contained the | 


fiſhes and frog's bones empty, while the 
ſtring remained entire. The gaſtric juice 
had = perfectly diſſolved the bones. But 
this was not the caſe with reſpect to the con- 
tents of the other tube. I ſhould have con- 
ſidered them as untouched, if they had not 
appeared ſmoother, whiter, and perhaps thin- 
ner than at firſt. They now. weighed only 
eleven pennyweights and fix grains, where- 
as at firſt they had weighed fourteen penny- 
weights; they had therefore loſt of their ori- 
ginal W three pennyweights within ſix 
grains. If this experiment be compared with 
that made upon crows, with the ſame inten- 
tion, tt will appear evident, that the gaſtric 
Juice of the latter is leſs efficacious in diſ- 
ſolving bones than that of the heron. 2 
in truth, their nature requires that they ſhoul 


digeſt every rt of the animals upon un 
1 gave them ſome frogs, and 
| watched 


| they feed. 
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watched their way. of eatin g them; when of 
a moderate ſize they ſwallow them whole, 


when very large. they ſeparate them into ſe- 


veral portions, and ſwallow them without 
parting the fleſh from the bones. Since, 
then, herons do not enjoy the advantage of 
vomiting up ſubſtances incapable of being 
digeſted (LXXVII), and the bones of frogs 
and ſuch animals cannot eaſily be voided at the 
anus, Nature has wiſely endowed the ſto- 
mach with the power of concocting and aſ- 
ſimilating bone. CEE 3 

XCIX. It was equally curious and impor- 


tant to enquire, whether the œſophagus of 
the heron as well as of crows, 1s capable of 


performing digeſtion (LXXVII, LXXVIII, 
LXXIX). The great length of the neck, and 
conſequently of the eſophagus, is extremely 
favourable to ſuch an enquiry. A flead frog 
was forced half way down this canal al: 
the head downwards, where it was fixed by 
a ſtring, of which one end was tied round 
the hind legs, and the other came out of the 
mouth, and was wrapped round the neck. 
In this fituation it remained two hours, and 
more was effected than I could expect in ſo 
ſhort a ſpace. The animal was indeed entire, 
but was become very tender, though the 
tenderneſs did not penetrate far below the 
ſurface. This appearance of incipient con- 
coction induced me to puſh the experiment 


further, that I might ſee how it would ter- 


minate. The frog was therefore replaced in 
its former ſituation, where it continued three 
hours longer; I then thought it time to exa- 
mine the animal, and drew up the pack- 


the 
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the hind legs and ribs; the reſt remained in 
the throat, and an inſtant afterwards I pet. 
ceived” the animal tranſmit it into the ſto- 
mach. I found the legs and thighs half dif- 
ſolved, and' being very deſirous of knowing 
what had happened to the other parts of the 
afiimal, I determined to kill the heron without 
delay. The frog was in the ſtomach ; the ex- 
ternal muſcular fleſh was quite deſtroyed, and 
what remained entire was eaffly diviſrble into 
ſeveral portions, eſpecially at the articulati- 
ons. The fame appearance of decompoſition 
Had taken place, as if it had been macerated 
in water; but it did not afford the ſmalleſt 
mark of putrefactron. _ | he... 
C. Although experiment thus abundantly 
evineed a ſenſible concoction in the cfopha- 
gus, I had not adverted to one circumſtance, 
which however deſerved attention, viz. to 
fix the precife loſs which the fleſh under- 
went in that cavity. I therefore repeated 
the experiment with this view, but Faving 
no frogs in my poſſefſion, I fubſtituted ſome 
fleſh with which I happened to be ptovided, 
sonſiſting of cow's lungs, to the amount of 
half an ounce, forty grains. It was drawh 
out of the œſophagus by means of the pack- 
thread, after it had remained there thirteen 
hours. It had loft fever pennyweights and 
two grains. 9 „ 
As the eſophagus of the heron is mem- 
Hranous, it is more than probable, that its 
mechanical action did not concur in pro- 
ducing this effect; it however was proper 40 
rove this by direct experiment, which might 
be done by means of the tubes. With them 
therefore I repeated the experiment * 
13 5 a 
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had before made; in order to determine, whe- 
ther the ceſophagus of the heron is capable 
of digeſting food. Solution of the fleſh-un< 


| doubtedly took place within the tubes, and I 


was convinced, that it did not depend on any 
motion of the œſophagus, but on the efficacy 
alone of the fluid which is ſecreted by it. 
Cl. Another experiment yet remained to 
be made, whence we might deduce not only 
the exact diminution of the fleſh, but the 
proportion between its diminution in the 
eſophagus and ſtomach; two globular pieces, 
two-thirds of an ounce each, of cow's lights 
were introduced, one into the œſophagus, and 
the other the ſtomach; each remained ſeven 
hours in its reſpective ſituation, when the 


| heron was killed; the balk from the ſtomach 


at firſt of the ſize of a walnut, was now no 
larger than a pea, and werghed only twenty 
kt grains. That which had lain in the œſo- 
phagus was indeed reduced in bulk, though 
but very little in compariſon with the other; 
it had loſt three pennyweights eighteen 
grains e f 
Both theſe inſtances gave me an opportu- 
nity of remarking, that the juices, whether 
of the cefophagus or ſtomach; did not ſeems 
to act by penetrating deeply into the fubſtance 
of the fleſh; but by corroding the ſurface j 
the external layer was firſt diſſolved, and 
then thoſe: that lay beneath in their order. 
And in reality, when came to waſh the ball 
taken from the efophagus, and wipe 'awa 
the external gelatinous ſtratum already dit- 
tolved by the eſophageal fluid, the next ſtra- 
tum ſhewed the natural fibrous, firm, and 
red appearancez and when the ball was cut 
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corrofive liquor. The ſame obſervation is 


eſophagus. And in fact, I obſerved it again 


- . Theſe experiments incontrovertibly prove, 


curious or intereſting, in theſe two claſſes of 
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then it has been proved, that theſe fluids, 
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into two hemiſpheres, the inſide ſeemed per- 
fectly ſound, without the ſmalleſt ſign of 
having been impregnated or touched by that 


applicable to the other ball; for notwith- 
ſtanding its great diminution, within it was 
quite ſound. . LED then wm 
I had now but two herons left, and theſe] 
facrificed to the deſire of aſcertaining ſtill 
further the exceſſively rapid concoction 
of the ſtomach, compared with that of the 


on two frogs and as many fiſhes, of which 

the former continued eight hours in the œſo- 

e and ſtomach, and the latter nine 
Ours. | 1 ENT | 


j - 


that the eſophagus of the heron as well as 
of the crow, has the privilege of digeſting 
any food that may happen to be lodged: in it: 
this privilege extends likewiſe to other ani- MW " 
mals, as we ſhall ſee in ſome paſſages of the MW 0 
following difſertations. 4 

CII. The obſervations related in the pre- 
ſent and the preceding diſſertation, preſent 
us with various inſtances of agreement and 
diſagreement in the digeſtion of birds with 
muſcular and with intermediate ſtomachs. 
Let us here, for the convenience of the 
reader, collect into one point of view theſe 
ſcattered traits; they may fix more firmly in 
the mind all that we have obſerved, whether 


animals. With reſpect to the traits of re- 
ſemblance, they may all be reduced to the 
relation between the gaſtric fluids. Firſt 


beſides 


DISSERTATION IL 97 


beſides being, alike in colour, are always falt 
and bitter; and that the bitter taſte derives 
its origin from the bile, which regurgitates 
brake the pylorus into the cavity of the 
ſtomach. Secondly, theſe fluids are the im- 
mediate agents of digeſtion, both in muſcu- 
lar and intermediate ſtomachs, independently 
of trituration. Thirdly, In theſe two or- 
ders of birds the fluids act in the ſame man- 
ner in the ſolution of the food; they firſt 
ſoften and next convert the ſurface into jelly, 
then produce the ſame effect upon the interior 
parts, and ſo inſinuating themſelves 8 
till it is completely diſſolved. Fourthly, they 
do not entirely loſe their ſolvent” efficacy as 
ſoon as they are taken out of the ſtomach, 
provided they are heated to a proper degree, 
as artificial digeſtion proves. Laſtly, The 
fountains from which theſe fluids ſpring are, 
in great meaſure, the ſame in both claſſes, 
viz. the follicular glands, with which their 
organs abound. _ 

CIII. The differences are in part reducible 
to the inferior efficacy of the gaſtric fluid in 
muſcular to that of the ſame fluid in inter- 
mediate ſtomachs. Thus the gaſtric fluid in 
the former is incapable of diſſolving the ſame 
aliment, which in the latter it eaſily diſſolves. 
In like manner the food, which each kind of 
Fe juice decompoſes and digeſts, is ſooner 
ubject to this change from that which be- 
longs to intermediate ſtomachs. And this is 


| alſo the reaſon, why artificial digeſtion ſuc- 


ceeds much ſooner with the firſt than the ſe- 
cond. The ſame inefficacy that the gaſtric 
Juices of birds with muſcular ſtomachs ſhew 
in decompoling certain aliments of a firm 

texture, 
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texture, extends alſo to their œſophageal 
Juices in decompoſing ſoft ſubſtances, not- 
Withſtanding the latter are tolerably well de- 
compoſed by the œſophageal juice of birds 
with intermediate ſtomachs. The .prodigi- 
ous effects of trituration in muſcular ſto- 
machs, conſtitute another very ſtriking diffe- 
rence between theſe two claſſes. of birds, the 
feeble force of intermediate: ſtomachs being 
ſcarce comparable with the enormous power 
of the other kind. Such a degree of force 
was abſolutely neceflary in theſe, ſince the 
juices are incapable of decompoſing food of 
confiderable firmneſs, ſuch as ſeeds, the na- 
tural food of birds with gizzards; and there- 
fore an agent capable of breaking, tritura- 
ting, and thus pre- diſpoſing them for digeſ- 
tion became neceſſary; and ſuch are in reality 


the gaftric muſcles in theſe fouls. 
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CONCERNING DIGESTION IN ANI> 
MALS WITH MEMBRANOUS so. 
MACHS.. FROGS. NEWTS., EARTH 
AND WATER SN AK ES. VIPERS. 
FIS HES. SHEEP. THE OX. THE 
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O examine at full length the nature of 
1 digeſtion' is the object of theſe diſſer- 
tations. By extending my enquiries to the 
three claſſes to which all animated beings 
may be referred, I hope to be enabled to ſolve 
the problem in a ſatisfactory manner. Of 
theſe claſſes the firſt comprehends animals 
with muſcular, the ſecond with intermediate, 
and the third with membranous ſtomachs. 
The laſt claſs 1s infinitely more numerous 


than the two former. If we ſuffer our ima- 


gination to range over the immenſe multi- 
tudes of quadrupeds, fiſh, reptiles, birds of 
prey, not even excluding man himſelf, we 
ſhall find, that they are all, or nearly all, en- 
dowed with membranous ſtomachs; not to 
mention that numberleſs tribe of minute be- 
ings, the greater part of inſects. My tall 


would 
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would have been endleſs if I had projected 


enquiries, I will not ſay concerning every 
ſpecies of animals included under theſe ge- 
nera, a project which many academies would 
not be able to execute, much leſs a ſingle ob- 


ſerver ; but concerning great part of them. 


I was therefore obliged to confine myſelf to 
reſearches upon a ſmall number. Theſe re- 
ſearches combined. with others already re- 
lated in the two firſt diſſertations, will be 
ſufficient, if I am not very much miſtaken, 
to ſet the theory of digeſtion in a clear point 
of view, both, in animals and man. As the 
various fpecies, which I take into conſidera- 
tion, cannot be all exhauſted in a ſingle diſ- 


ſertation, I ſhall diſtribute them into ſeveral, 


beginning with the animals that are ſituated 
loweſt in the ſcale of ſentient beings, and 
ending with that which occupies the higheſt 
and nobleſt place, with man. 1 

CV. Let us begin then with frogs and wa- 
ter- newits, two ſpecies of ſmall carnivorous 
animals. As the mouth and œſophagus in 
the former are large, it was eaſy to introduce 
tubes into their long ſtomachs. But I was 
ſoon aware, that it would be neceſſary to 
make experiments upon a great number at 


once, if I withed to know what changes the 


fleſh. encloſed within the tubes underwent in 
the courſe of ſeveral days; for the tubes were 
very often vomited up, and at uncertain in- 
tervals, ſometimes in a few, ſometimes in ſe- 


vera] hours after they had been ſwallowed; 
at others again, after a whole day, and in 

ſome initances, after a ſtill longer interval. 
As I knew, that this ſpecies of animal very 


greedily devours any ſort of fleſh that falls in its 
. EY Way, 


/ 
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way, I did not think of ſelecting, but took 
what happened to come firſt to my hands, and 
this proved to be a piece of the ſmall inteſ- 
tine of a ſheep, which I divided into twelve 

ortions, and encloſed them in as many tubes; 
Theſe tubes were diſtributed among ſix of 
my largeſt frogs, two being allotted to each. 


They were kept in a very large veſſel of wa- 


ter with high perpendicular ſides, that they 
might not make their eſcape. I neglected 


the tubes that were thrown up, and examin- 


ed thoſe only which remained in the ſto- 
mach: In the ſpace of a day I obſerved the 
following reſults. From the intervals of the 
grating which lay before the open extremi- 
ties of the tubes, there oozed out a cineriti= 


ous matter, which, when touched, adhered 


to the fingers, and formed long filaments. 
When the grating was removed, I perceived, 
that this gluten was nothing but the fleſh t- 
ſelf, which at that part began to be decom- 

oſed and to change its nature, retaining 

owever the characteriſtit marks of fleſhᷣ in 
the more internal parts of the tubes. Upon 
opening the ſtomachs I did not find any gaſ- 
tric fluid; they were quite dry: 

CVI. In two tubes that were examined at 


* 


the expiration of two days, the fleſh had un 


dergone a further decompoſition. It: now 
not only oozed out at the meſhes of» thethat= 
tice-work, but likewiſe at moſt of the per: 
forations in the ſides of the tubes; and when 
it was drawn out with the point of a pait᷑ of 
forceps, and then freed by waſhing from the 
viſe: 
or inteſtine was fo very little, that I do not be- 
lieve it exceeded the thirticth part of its ori- 
Voi I. H ginal 


mucilage, what remained of real fleſn 
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ginal weight. At the end of the third day 
thete remained but a ſingle tube in one frog; 

in this there was no fleſh, but it had been all 
diſſolved into gluten, had oozed out of the 
tube, and adhered to the ſides of the ſto- 
mach, excepting a very ſmall portion that 
was ſticking to the tube. This viſcid matter 
was infipid to the taſte, a certain proof that 
the 'gaftric fluid had effected this alteration 


without the concurrence of any mechanical 


action of the ſtomach. It muſt however be 
allowed, that this fluid is exceedingly flaw 
in producing its effects, fince it required three 
days. This ſlowneſs muſt have ariſen. either 
from the ſmall quantity or inefficacy of the 


fluid, or perhaps from both cauſes. In conſe - 


quence of this tardy action I found in ſimilar 
experiments upon fix other frogs, that the fleth 
in ſome of the tubes was not entirely ,con- 
ſumed at the end of the fifth day. + 268 
- CVH. The gaſtric liquor _ frogs is not 
however on this account incapable of con- 
cocting in time ſubſtances which we ſhould 
have ſuppoſed above its power, viz. bones: 
In a quantity of frogs brought me one day 
by the fiſhermen, there was one fo large, that 


I was induced by its enormous fize to killit, 


in order to ſee what it contained; I found; 
that the enlarged bulk was owing to a moule 
in the cavity of the ſtomach. The hair had 
begun to fall off, and the fkin was become ſo 
very tender, that it had loſt its coheſion. The 
fore as well as the hind legs had undergone a 
greater degree of folution, the naked bones 
only being left, and they were conſiderably 
waſted and converted into a ſemi-gelatinous 
ſubſtance. The mouſe upon being opened 
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appeared quite ſound internally, the deſtruc= 
tion was entirely confined to the ſurface, and- 


therefore occaſioned by the gaſtric fluid, 
which had begun to act here on the external 


arts, juſt as it does in animals with muſcu- 
ar and intermediate ſtomachs. The thinneſs 
of the extremities permitted the fluid to pe- 
netrate them, with greater facility, hence it 
had almoſt conſumed them without ſparing 
even the bones. In this inſtance I could not 


perceive any ſign of trituration, for the mouſe _ 


was neither bruifed nor lacerated; nor can I 
conceive what other force can be exerted by 


ſtomachs compoſed of ſuch fine coats, be- 


ſides that of compreſſing the bodies they 
contain, when they happen to be "uy large. 
CVIII. The mouth and throat of Water 


| newts are both ſo narrow, that they would 


not admit the uſual tubes, they however ad- 
mitted others made in the ſame form, but of 
a ſmaller ſize, on purpoſe for them. From 
having kept theſe animals in my houſe for ſe- 
veral years, both when I had occaſion to exa - 
mine the circulation of the blood, and to 
obſerve the admirable reproduction of theif 
limbs, I had learned, that the food which: 
they devour with the greateſt avidity is living 


| earth-worms (a). Nearly the fame obſerva 


tion is made by my illuſtrious friend Mr. 


(a) I treat at full length of theſe aquatic lizards in my. - 


three works intituled, 44 
Prodromo di un' opera da imprimerſi ſopra le riprodu- 
zioni animali, | | N t 
Del Azione del Cuore ne' vaſi ſanguinei 
De' Fenomeni della Circulaziane obſervata ne giro 
univerſale de* vaſi. e 


Ma- Bonnet, 
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Bonnet, in his fine memoir concerning the re. 
production of the limbs in water-newts, in 
which he confirms my diſcovery of this won- 
derful reproduction in the cleareſt and moſt 
decifive manner, after it had been queſtioned 
by Meſirs. Adanſon and Bomare, for want of 
addreſs and ſkill in making experiments on 
this branch of zoology (a). I had then recourſe 
to earth- worms; they were cut in pieces, 
and placed alive in the tubes, which were in- 
troduced into the ſtomachs of ſeveral fala- 


manders. The gaſtric fluid of theſe little 
_ reptiles acted more ſpeedily than that of 


frogs (CVI). The divided worms began to 


change colour in fifteen hours, and to become 
ſoft and flabby. About the thirtieth hour 


the parts had loſt their coheſion, and the 


rings were no longer viſible; and in leſs than 


two days they were converted into a whitiſh 
pulp, of which the greateſt part had run out 


_ of the tubes. | 


- CIX. The diſſection and examination of 
the ſtomachs of newts, preſented me with a 
phenomenon, which muſt not be concealed 
from the reader, both on account of its fin- 

ularity, and the light it throws on the pre- 
ent ſubject. This phænomenon is nothing 


leſs than a great number of ſmall white worms 
in this viſcus, viſible to the naked eye; of the 
- thickneſs of a thread, and the length (at leaſt 
the largeſt) of two-thirds of an inch; how- 


ever if we wiſh to examine them minutely, we 


(a) The memoir is inſerted in Rozier's Journal for 
November, 1777 | 


N. B. It is hkewiſe reprinted in the late collection of 


his works. 
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muſt, employ the-miſcroſcope.' They are f 


two forts; in one both extremities terminate in 
a point, the other has one end pointed; but 


the other obtuſe, and marked with a darx 


ſpot; the latter ſpecies is ſhorter than the 
Tt and thinner in the ſame proportion: 
Each ſpecies is furniſhed with rings, nar= 


rower at the ends of the body, and wider at 


the middle, as is generally the caſe. in anus 


lar worms. Theſe two ſorts of worms are 


not flat or compreſſed, but round; it is 
therefore certain that they do not belong to 
the genus of fænia, or the gourd- worm, but 
to that of round or columnar worms (zeretes). 
They are not looſe in the cavity of the ſto- 
——_ as the worms lodged in the inteſtines 
of larger animals commonly are, but are al- 
ways found with one extremity inſerted to 


ſome depth in the internal coat of that organ; 


hence it requires ſome force to detach them, 
and frequently they break ſooner than ſepa⸗ 
rate. Of thoſe that have the dark ſpot, the 
more obtuſe end 1s fixed in the ſtomach; 
it is impoſſible to ſay whether this is the caſe 
with reſpect to others, ſince both ends are 
equally. pointed. The looſe extremity pro- 
jets into the cavity of the ſtomach, ſome- 
times. coiled up in the form of a circle, 
and at others twiſted in a ſpiral. If the ſto- 
mach be taken out of the animal, and ſet to 
macerate in water, the worms live for many 


hours without quitting their ſituation: if 
afterwards we ſeparate them with the hand, 


without breaking them, and-place them upon 


ſome ſubſtance, in order to obſerve their 


movements, they will be ſeen to writhe in 
various directions; ſometimes bringing the 
H 3 ET. 
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mouth towards the tail; ſornetimes ſtretch. 
ing themſelves in a right line; and at others 
making ſtrange contortions, as is uſual with 
IV Ge ED 
_ EX. Not being able to conjeture for 
what purpoſe the part perpetually inſerted in 
the ſubſtance of the viicus, could be deſign- 
ed, unleſs it was to fuck 'the thinneſt and 
pureſt. part of the-liquor; and conſequently 
' fuppoling it to be the head of the animal, or at 
leaſt ſome analogous part, I tried to diſcover 
the mouth with the aid of the microſcope; 
but my endeavours were vain. I believe; 
however, that I found the alimentary canal; 
it is a bright filver-coloured ſpecies of inteſ- 
tine, running along the worm, in a tortuous 
manner, from fide to fide; it is always full 
of a number of particles, which fluctuate re- 
gularly, like a buoy, probably impelled by 
a fort of periſtaltic and antiperiſtaltic mo- 
tion. This canal is coinmon to each ſpe- 
cies; in that with a dark ſpot at one ex- 
tremity (CIX), a ſecond canal may be per- 
ceived ; it is ſtrait, and probably (I ſhould 
rather ſay certainly) the receptacle for the 
eggs; for I: have always obſerved it more ot 
leis full of a great number of corpuſcles, of an 
oval ſhape, ſtoating in a very tranſparent 
lymph; theſe corpuſcles, when the worm is 
not in motion, always continue at reſt. If 
we lay hold of the animal by its extremities, 
and break it in the middle, the little canal 
Will generally be broken, and the ovula will 
make their eſcape in à ſtream from the lace- 
rated part. It is not difficult to burſt them 
between two pieces of tale, when a thin fluid 
ſpirts from them; after which the eggs be- 
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come dry and opake, conſiſting now of no- 
thing but the empty envelope, as always 
happens to the membranaceous eggs of ſmall 
animals. Each worm of this ſpecies is für- 
niſhed with thoſe oval particles encloſed in 
their canal; if they are real eggs, as there'is 
great reaſon for ſuppoſing, we mult contude 
that every individual is an hermaphrodite; it 
will however remain doubtful whether they 
are ſtrictly fo; i. e. have no need of copu- 
lation, like ſweet water polypes, and many 


other ſorts of microſcopical animals, &. or 


elſe, in the wider acceptation of the term, 
are like teſtaceous and naked ſnails and earth= 
worms; each of which brings forth eggs and 
living young, but requires the concurrence 
of 248018 individual. 1 A 

CXI. It would not be an improper queſs 
tion, if I were aſked whether theſe worms 
lodge in healthy newts, or rather in fueh 


only as are diſeaſed. This doubt ſuggeſted 


itſelf to me; and in order to clear it up, Fex- 
amined not only fuch as I kept at home, and 
were therefore liable to the icion of un- 
healthineſs, but ſuch alſo as were newly 
caught, and full of health and vigour; but 
_ 3 the one and the _ 
arboured alike theſe unpleaſant gueſts. | 
it muſt be obſerved that they do not ff 
their abode in all newts; and that in thok 
where they do, they are not equally nume- 
rous. Of the immenſe number I have open 
ed at different times, and with different views, 
three-fourths have had a family of worms 
in their ſtomachs ; which is ſometimes com- 
poſed of only five or fix individuals; at 
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berg of. Several dozens, and at others again 
8 an hundred or more. 
II. In my numerous examinations of 

1— omachs of the different animals men- 
tioned in this work, crows alone have exhi- 
bited a phænomenon nearly reſembling what 
is found in newts; I mean a quantity of 
worms lodged in the ſtomach. But theſe 
worms are not inſerted into the internal coat, 
as in newts, but are found between the in- 
ternal and the nervous. We are very well 
ker with the little worms that live in 
ces a generally fix. their abode between 
11 k and the wood; and lurking there 
—— devour the cortical part, which fur- 
rithes them with an agreeable aliment. If 
the bark ſhould be parted. from the trunk on 
purpoſe, or by accident, their devaſtations 
are expoſed to view, in the form of excayat- 
ed paths, winding backwards and forwards 
in a ſerp 2 — direction; nor is it uncom- 
TIO to ſurpriae the worms actually employed 
i, en heſg excavations, which ſerve 
neeyfor food and lodging. The 

fave thing _— is. obſervable with reſpect 
to, the ch — crows. If the internal be 
arted from th c nervous coat ſlowly and care- 
F ly, theſe Reels are ſuddenly expoſed to 
the eye, the ines or the moſt part to the 
5 . coat, lurking in certain 
gavities formed in its ſu ſtance, and which 
ſo a alikebhood, ariſe from the eroſion of 
le, very worms. Further, w. ind ſome 

K both ends « expoſed; while the middle is 


220 buried in the ſubſtance of the internal 
coat. Laſtly, others have one extremity in- 
lerted into this, and the other into the adja- 
cent 
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cent nervous coat; but they never make their 
way into the cavity of the ſtomach. Theſe 
worms do not appear to differ from thoſe in 
newts, in colour, length, thickneſs, or in the 
alimentary canal; they have however oneeſſen- 
tial difference, they are without rings, but have 
a ſmooth and ſlippery ſkin. In their motions 


they are dull and languid ; when taken from 


their abode, and placed in water, they live 
many hours. They are found both in grey 
crows and rooks; but I have never ſeen them in 
any part of the body except the ſtomach. 

CXIII. But let us return to the worms in 
newts (CIX, CX, CXI), and confider them 
in as far as they relate to digeſtion. I aſſert 
that their preſence is an incontrovertible 
proof, that no ſenſible degree of force is ex- 
erted by the ſtomach; for how is it poſſible 
to conceive that the ſides of the ſtomach can 
rub againſt each other, or at leaſt impinge” 
againſt the food, without doing the ſmalleſt 
injury to the delicate ſtructure of theſe 
worms? I have more than once taken the 
ſtomach of a newt between my thumb and 
finger, and compreſſed it very gently, or rub- 
bed it lightly, and upon opening it, have 
always found ſome rupture, tome diſconti- 
nuation in the parts of theſe worms. We 
muſt. therefore conclude, that digeſtion in 
water-newts is ſolely the effect of the gaſtric 
fluid, of which the efficacy has been already 
ſhewn in the decompoſition of earth=worms 
incloſed in tubes (CVIII). I have alfo 
ſeen this efficacy, in a manner equally ſtrik- 
ing, on worms which newts have taken and 
iwallowed of their own accord. How tena- 
cious theſe minute reptiles are of * is 


of a ſtructure leſs delicate; ju 
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FF 


veral pieces, in conſequence of which they 


do not die; but on the contrary multiply, as 


many worms being produced as parts into 
which they were Aided (a). It is 
true, they do not ceaſe to live after hav. 
ing remained ten or twelve hours in the ſto. 
mach of a newt; nay, when they fill it too 
full, they void ſome alive and crawling by 
the mouth, whether by actual yomiting, ot 
whether the worms, after various movements 
in fo difagreeable a place of confinement, at 
laſt find chely way out through the œſopha- 
gus. But they certainly die at laſt, not be. 
cauſe they are triturated or cruthed to pieces, 
for they continue whole ſeveral hours; the 
gaſtric fluid firſt ſoftens and then converts 


a 


them into a gelatinous ſubftance, and by a 


continuance of its action, at length reduces 
them to an impalpable mats. . 
CXIV. But how came the tender worms 
in the ſtomach to eſcape ſolution, when all 
other inſects, whether aquatic or terreſtrial, 
on which the newt feeds, die and are di- 


geſted? If it ſhould be ſaid, that this hap- 


pens becauſe they have been habituated te 
the ſtomach by long reſidence, the difficulty 


would be perhaps removed to a greater diſ: 
tance, but certainly not taken away altoge- 


ther. As the cauſe of this phenomenon, 
we muſt aſſign the inability of. the gaſtric 


fluid to decompoſe theſe minute beings, how- 


ever powerful may be its energy upon ethers 
as a chemical 


() See Reaumur, Bonnet, and my Proſpectus. 


menſtruum 


| 
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ed into the ſtomach of another po 
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tal, but not another. Thus aqua regia diſ- 


combines with the calcareous, has no attrac- 
tion for the argillaceous and filiceous earths. 
Nearly the ſame difference of digeſtion is alſo 


_ obſerved in that of polypes provided with 


arms; they; ſometimes ſwallow their own 
arms along with inſets; but though the 
former die and are digeſted, the ſecond do 
not in the leaſt ſuffer. Thus a polype inſert- 


| ype, con- 
tinues to live as before (a). 

CXV. But let us proceed to ſerpents, of 
which I PORE to treat after frogs and 
newts. Thoſe which are moſt eaſily pro- 
cured in the environs of Pavia are certain 
terreſtrial ſnakes, called in ſome provinces 
of Italy, Smiroldi (2) ; water-ſnakes, which 
many naturaliſts call ſwimming (natrices) (e). 
The firſt conſiderably exceed the natrices and 
vipers in ſize. The largeſt are about an inch 
and a half in thickneſs towards the middle of 
the body, and forty - five and ſometimes 


fifty inches long. The lower part of the 


body is white mixed with yellow and green 
ſtreaks, the upper part is blackiſh, but to- 
wards the neck and head interſperſed with a 
milky white. They fly with greater ſpeed 
than the water-ſnakes, and far greater than 


(a) Trembley, Mem. fur les polypes. | 
(%) Not deſcribed by Linnæus or any other naturaliſt, 
as far as I know. ; q 
(e) Natrix. Linn. Syſt. Nat, T. 1. Natrix torquata. 
Ray. quade. | | 
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vipers. The gare not inferior to the latter 
. in a. ſpirit, of revenge, and their bite alſo 


draws blood, as IL have myſelf experienced, 
but is harmleſs. Before I made uſe of the 
tubes, I wiſhed to acquire ſome knowledge 
of the eſophagus. and ftomach. Having 
therefore tkinned one, and blown up the œſo- 
phagus in ſuch a manner that the air could 
neither paſs out above nor at the pylorus, it 
appeared to me to reſemble a large inteſtine, 
cylindrical for about the length of nine 
inches, and becoming gradually narrower be- 
tow, ſo as to form a funnel of the length of 
four inches and an half. I foon perceiv- 
ed, that this funnel was the true ſtomach, 
and the inteſtine the eſophagus. Both the 
trachea and lungs run along the ceſophagus, 
to which they are firmly attached by means 
of a membrane, as alſo.is the heart, which has 
the fhape of an elongated pyramid, fituated 
at. the origin of the Jungs. We find like- 


Wife a viſcus arifing from the baſis of the 


Heart, aſcending upwards along the œſopha- 
gus, and adhering in great meaſure to the 
trachea : it is of the ſame length as the lungs, 
but its ſubſtance is different, being tender 
and aſh- coloured; I could not then determine 
what it was. Next below the lungs lies the 
hver, which, together with the vena porta- 
rum, reſembles a long narrow leaf attached to 
2 very long footſtalk; both adhere to the œſo- 


— Below the ſtomach we find the 
pl 


cen, nine lines in length and of a very 
acute oval ſhape. The gall- bladder lies in 
the region of the ſmall inteſtines, conſe- 
quently at a great diſtance from the liver; when 
we prels it the duct is filled with bile, which 
; : it 
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it evidently diſcharges into the duodenum at 
about the diſtance of an inch from the pylo- 
rus. Near the gali-bladder we find another 
body ſmaller than it, attached to the duode- 
num, and of a fleſhy conſiſtence. I ſhould 
ſuppoſe it to be the pancreas. ER 
CXVI. If we ſeparate the asſophagus and 
ſtomach from the lungs and other parts juſt 
deſcribed, 'and open it longitudinally, the 
eſophagus appears ſimply membranons; the 
membrane of which it confiſts is very thin 
and of a filver colour. The ftomach is com- 
poſed of thicker ſides, and among the coats 
which compoſe it we have one of fleſh, which 
like the fleſhy coats of other membranous 
ſtomachs, is very thin. I could not perceive, 
that the œſophagus is provided With * 
lands or follicles; but T obſerved, that che 
omach was abundantly ſupplied with them 
throughout its whole length*;* they diſchar 
part of their liquor on being pteſſed, and the 
internal coat is moiſtened With it. 
CXVII: I come now to experiments rela- 
tive to digeſtion. I found great facility, not 
only in paſſing the tubes into the ſtömach, 
but likewiſe in bringing them up Whenever 
I pleaſed. I made an aſſiſtant lay faſt hold of 
the ſnake ſo as to prevent its ſtriking or 
wreathing round the body, while I opened 
the mouth and forced a tube in lengthwiſe, 
and then, by means of a thin rod, thruſt it 
two or three inches down the throat. After 


this the reſt followed of courſe; for I had 


only to prefs with my fore-finger and thumb 
the neck of the animal in the place oppoſite 
to the top of the tube, which was forced to 
deſcend for ſome way down the Aan, 
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and by a repetition of the ſame manœuvte 1 


ſoon brought the tube to the bottom of the 
ſtomach, which I knew by the reſiſtance. it 
made when I attempted to puſh it lower; for 
now the narrow paſlage of the pylorus pre- 
vented its deſcent. By a like preſſure, but 
made in the oppoſite direction, from below 


upwards, I could RODS: BY the tfibe from the 


ſtomach into the ceſophagus, and thence out 
through the mouth. I employed this con= 


trivance for introducing the tubes into the 


ſtomach, and bringing them out at the mouth 
in water-ſnakes likewiſe, and even vipers, 
managing the laſt however with ſome care, 
which is very requiſite, in order to avoid be- 
ing bit by theſe - nts during the operation, 
when they are highly exaſperated. | 


_ CXVIIE. When I was opening ſome. of 
my land-ſnakes (niroldi) to examine the ali- 


mentary canal, I found in the ſtomach of one a 


wall-lizard not in the leaſt injured or digeſted, 


I thought of 5 it for my experi- 


a 8 of the tail of this lizard in a tube, 
which continued for a whole day in the ſtomach 
without its contents being at all diſſolved. 
Thirty-ſix hours produced ſomething more. 


The tail of the lizard is compoſed of a num 
ber of little muſcles, enchaſed one within the 
other, and bound round by a thin anular 
membrane. The piece of tail was placed in 
the tube in ſuch a manner, that the inveſting . 


membrane was in contact with the ſides, and 
the muſcles were bare at the open ends. The 
membranehad ſuſtained noinjury, but the muſ- 
cles were eroded on the plane of ſection ; mg 

5 a little 


mn 


{ be a kind of food well 
adapted to theſe reptiles. I therefore encloſed 


3 „ eee + a ns. _ Mime ode: ins ak Mii woes. A 
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a little excavated. ” Upon touching them 1 


found, that they had been converted into a 
gluten of ſome viſcidity. The gaſtric fluid 
then (for the mechanical action of the ſte- 
mach could produce no effect within the 
tubes, were any ſuch action to be exerted at all) 
had begun to digeſt the fleſh, by diſſolving 
what lay at the ends of the tube before it at- 
tacked that which was contiguous to the 
tides; not only. becauſe it was nat covered by 
the membrane, but alſo becauſe it had freer 
acceſs at the ends: the ſolution however went 
on, though very ſlowly; for after the tube 
had been five days in the ſtomach, a little of 
the muſcular fleſh remained, and the mem- 
brane was almoſt entire. © 

CXIX. The fleſhof a lizard's tail is rather 
tough, and it was probable, that this cir- 
cumſtance had retarded the progreſs of di- 

{tion ; it was therefore proper to employ 


me of a leſs firm textufe; accordingly part 


of the liver of the ſame anima] was enclofed 


| in the tube, and given to a ſnake (rode). 


In this inſtance digeſtion was more ſpeedy ; 
for in three days and an half the tube was 
quite enn . 1 
But what if inſtead of encloſing the fleſh 
in tubes, we ſhould introduce it into the ſto- 


mach without any covering? It was obvious to 


ſuppoſe, that it would be ſooner digeſted, 
ſince the gaſtric juice would have freer ſcope 


for its action. And fo in reality it happened. 


A piece of lizard's tail of the ſame fize as 
in a preceding experiment (CXVHI), did 
not require quite two days for its digeſtion ; 
and a portion of liver, equal to that be- 
tore-mentioned (CX VIII), underwent 2 

| | = 
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fame proceſs in thirty-two hours. Of this 
1 aflured myſelf by opening the ſtomachs o 
the two ſnakes, one of which had taken part 


— 


CXX. We come nov to the water- ſnakes 


or the natrices. Nothing can be more ſtrik= 
ing than the reſemblance between the ſto-= 
mach and the 8 in this, and the fore- 
going ſpecies, Beſides. the trachea, lungs, 
eart, liver, vena portarum, having nearly 
the ſame configuration, and lying on the 
ſame parts of the eſophagus; this cavity is 
very capacious and long, conſiſts in like man- 
ner of thin membranous coats, and ends ina 
funnel, which is the true ſtomach of the 
animal. The gall-bladder too is about an 
inch diftant from the lungs, and depofits its 
contents in the duodenum, by means of the 
cnc duct. The ſtomach alſo, as we have 
obſerved in the land- ſnake (/niroldo), is 
furniſhed. with a great number of folliculat 
glands. | , 


_ CXXIT. It is eaſy to learn the nature of the 


food of water-ſnakes, and we ought in con- 
ſequence to provide it for our experiments; 
Among the antients Oliger Jacobeus, wherg 
he treats of frogs, and among the moderns 
Valiſneri will Nat us, that theſe reptiles 
live chiefly upon frogs. Next to man wa- 
ter-ſnakes may be denominated their greateſt 
ſcourge. They particularly frequent the 
water of ditches, puddles, ponds, lakes, ſuch 


in ſhort as is frequented by frogs; and here 


they make an eaſy prey of them, notwith=- 
ſtanding they mutually give each other no- 
tice when they perceive the ſnake at a diſ- 
_ tance, by a kind of whiſtle or outcry of 1 

Es, treſs, 
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treſs, as I have often obſerved, at which all 


fly with the utmoſt precipitation: Dante was 


not unacquainted-with this circumſtance. - / 
Come le rane innanzi Vinimica 5 
Biſcia per l'acqua ſi dileguan tutte, 
Finche alla terra ciaſcuna ſ abbica (a). 


A fiſherman having brought me three ver 
large and vigorous water-ſnakes, I gave eac 
at the ſame time a tube encloſing a different 

art of a frog; one had muſcle, the other 
[ne and the third ſpleen. The tubes were 


left three days and an half in the ſtomach: . 


Upon forcing them out, I obſerved the ſame 
kind of concoction that I had before ſeen in 
frogs (CV, CVI). The fleth was beginning 
to changed into an adheſive cineritious 
Spin ; the interior parts were unaltered. 


he tubes were now introduced a ſecond 


time into the ſtomachs, and when they had 
continued there two days they were found 
empty; ſome of the adheſive matter ſtuck to 
the outſides of two of them. 


CXXII. It is not unknown to naturaliſts, 
that this ſpecies of ſnake has no teeth, and 1s: 


conſequently obliged to ſwallow its 2 
whole. In ſummer I have often taken them 
with whole frogs in the ſtomach. It was 


therefore not unreaſonable to A e that 
ones; and 
the leſs fo, as it ſeems difficult for them to 


they are capable of digeſting the 


be voided backwards, on account of the 
narrowneſs of the inteſtines. It might in- 


deed be ſuſpected, that theſe bones are vo- 5 


mated, as I have found to be the caſe with 
(a) Infern. Cant. 9. Fol. 161. | 5 . 
W 1 the 


4 


— 
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the tubes, both in this and the former ſpe. 


cies; but this is not a conſtant and regular 
evacuation, as in crows (LIX) and birds of 
prey, as we ſhall ſee hereafter; but takes place 
at uncertain intervals, and ſometimes does 
not happen at all for ſeyeral days. In order 
however to aſcertain the fact, I broke two 
tibiæ nine grains each to pieces, encloſed 
them in the tubes, and forced them into the 
ſtomachs of two water-ſnakes. After they 
had continued there two days, they were be- 
come ſoft, and had loſt three grains. 10 five days 
more they were ſtill ſofter, and now weighed 
together only five grains. Soon afterwards the 
two ſnakes died, and it was not in my power, 
though I wiſhed very much to proſecute 
this curious experiment as far as it would go. 
From the beginning however of the progreſs 
we may ſuppoſe, that the bones would have 
been totally diffolved, and conſequently it is 
highly probable, that water-ſnakes digeſt the 
bones of thoſe animals upon which they feed. 
XXIII. By the activity of the gaſtric 
fluid of the water - ſnake in digeſting not only 
fleſh but bone, I was induced to try to pro- 
cure a quantity that I might examine it more 
particularly. For this purpoſe I employed 
ſpunges as before (LXXXI, LXXXII), and 
my ſucceſs exceeded my expectations. Six 
little ſpunges, that had lain two hours in the 
ſtomachs of three ſnakes, encloſed in tubes, 
afforded me enough to fill a watch-glaſs of a 
moderate ſize. It had the following quali- 
ties; the colour approached” that of foot, it 
had the fluidity of water, and evaporated very 
flowly: it has both a falt and bitter taſte, and 
is not inflammable. Hence it appears to bear 
35 1 : a very 
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| very ſtrong reſemblance to the gaſtric fluid of 
the other animals, upon which myexperiments. 
have been made: thisreſemblanceextendslike- 
wiſe to the odour, which is exactly like that of 


the ſame juices in birds of prey, of which I 
ſhall ſpeak particularly in the next Differta- 
tion. IJ reſerve the account of ſome chemi- 


cal experiments made upon this fluid, till 1 
ſhall have an opportunity of ſpeaking of the 
examination of the other gaſtric juices which 
J have already mentioned, or ſhall have oc- 


caſion to mention in the preſent work. 


CXXIV. We have before ſeen the ſtrong 


analogy between the configuration of the ſto- 


mach and eſophagus in land and water- 
ſnakes. In vipers theſe cavities have the ſame 
general form; nor do they differ with reſpect 
to the efficient cauſe of digeſtion. I repeated 
| upon them moſt of the experiments deſcribed 
above: ſeveral tubes, furniſhed with diffe- 
rent forts of fleſh, were left in their ſto- 


machs for a ſpace more or leſs long, and the 
effect was juſt the ſame as in water and land- 
ſnakes; it would therefore be ſuperfluous to 
deſcribe them particularly. It will be better 
to turn the reader's attention to ſome experi- 
ments on theſe three ſpecies of reptiles dif- 


ferently modified, but relative to the fame 


ſubſect. Jo TILL 
| XXV. Having frequently opened theſe 
animals when newly taken, I have ſometimes 
obſerved, that their ſtomachs are not large 
enough to contain the whole prey, and that 
part lies in the. ſophagus. This part never 
ſhewed any mark of concoction, notwith- 
ſtanding what lay in the cavity of the ſto- 


mach was ſometimes half digeſted. Thus, 


12 EO for 


7  ® 


| 

! 

| ] 
| 

s 
* 


SEſophagus 


| FF 918 8 E RTAT 10 N In. 


for inſtance, I have found five or ſix large 


beetles in the body of a land-ſnake or viper; 
thoſe that lay in the ſtomach were ſcarce diſ- 
tinguiſhable, while, on the contrary, thoſe 


in the eſophagus were entire, or nearly ſo, 
I once ſaw a frog with the lower limbs, 


which projected out of the ſtomach, not at 
all damaged, while the reſt of the body lay 
in the ſtomach and was half reduced to a 
pulp. Theſe experiments made by the ſer- 
pents themſelves gave me reaſon to ſuppoſe, 
that what takes place in them 1s exactly con- 
trary to what happens in crows and herons, 
for the reader will remember, that in theſe 
birds the eſophagus. is really capable of di- 

eſtion (LXXVII, LXXVIII, LXXIX, 


XCIX, C); but in the animals in queſtion. 


it ſeems to belong excluſively to the ſtomach. 
A very ſimple experiment was ſufficient to 


aſcertain the point. Into the ſtomach of one 


of theſe ſerpents a frog, for inſtance, might 
be ſo introduced that part ſhould lie in the 


eſophagus. The frog might be faſtened to 


a cylinder of wood, and thus firmly fixed in 
the ſame place. The cylinder ſhould touch 
the bottom of the ſtomach with its lower 
extremity, and reach ſome way above that 
organ. I applied this apparatus to a water- 


ſnake, and at the end of the ſixth day opened 
it longitudinally. Upon examination my in- 


clination to believe that the eſophagus was 
without efficacy, was changed into firm per- 
ſuaſion. The lower limbs, the part of the 
animal that had lain in the ſtomach, had no- 
thing left but the bare bones, whereas the 
whole ao which had -extended into th 

ad ſuffered no injury, + 
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. CXXVI. The experiments related in the 
CXVIIth and following prog hs were 
8 


made in April, when the animals Had lately 
quitted, their ſubterraneous lurking places, 


and ſtill retained ſomewhat of that torpor 


which benumbs them during winter. At 
this time digeſtion, as we have ſeen, is a very 
low proceſs. Are we to preſume, that when 
they become more lively, active, and vigour- 
ous, as the heat of the ſeaſon increaſes, they 
likewiſe perform digeſtion more ſpeedily ? 
for the effect of heat in Pkg the ope- 
ap 


facts (LXXXVII). This idea was ſuggeſted 


by „ fine memoirs of the illuſ- 


trious Trembley on polypes, in which the 
influence of the temperature of the atmo- 
ſphere upon the digeſtion of theſe wonderful 
animals 1s evident ; inſomuch, that the very 
food which in a hot ſeaſon is completely di- 


geſted in twelve hours, when it is cold re- 
quires ſometimes two or three days. In or- 


er to determine whether the ſame thing 


takes place in my reptiles, I 5 uly for a 


term of compariſon, when the difference, if 
any exiſted, muſt needs be more ſtriking, as 
the thermometer in the ſhade ſtood at 22 and 


23 ; whereas in April, when the firſt ex- 


periments were made, it did not riſe above the 
twelfth or fourteenth deg. . And now upon 
repeating the experiments already deſcribed, 
I found that heat has ſome power in accele- 


rating digeſtion, but not ſo much as I had 
9 Eighty-one and an half, and eighty- three and three- 


fourths, F. : 
+ Fifty-nine, and fixty-three and an half, F. 
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ſuppoſed. Fleſh in the tubes did not re- 
quire above two days to be completely di- 
geſted; and when an equal quantity was ins 
troduced into the ſtomach by itſelf, about 


half that time was ſufficient. 


CXXVII. Naturaliſts were already ap- 


. prized of the tardineſs of digeſtion in ſer- 
pents. In Bomare we read an account of a 
ſerpent at Martinice, which retained a chicken 
in its ſtomach for three months, and did not 
completely digeſt it, for it ſtill preſerved 
ſome traces of its ſhape, and the feathers ſtill 
adhered to the ſkin (a). It is a circumſtance 
deſerving of particular notice, and which I 
ſhall have occaſion to apply in another place, 
that fleſh does not become fœtid from re- 
maining long in the ſtomachs of theſe cold 
animals, as I have obſerved in the courſe of 
wy experiments, and eſpecially in a viper, 
whic 


ich having been kept above two months 


in my houſe, could not but be unhealthy; 
this individual retained in its ſtomach: for fix- 


teen days a lizard, which had been pronoun 


macerated in the gaſtric fluid; nor could 

perceive that it had any odour, except thatof 
this juice. And yet ſuch was the heat of the 
teaſon, that another lizard, about the ſame 
ſize, which I had placed out of curioſity in 
a cloſe veſſel, containing a little water, emit- 
ted an inſupportable ſtench before the expt- 
ration of Ts third day. + 2:14 46155 
_ CXXVII. But what can be the cauſe of 
this ſlowneſs of digeſtion in ſerpents? As 
they are cold animals, that is to ſay, as their 


blood very little exceeds the temperature of 
- 4 - 28a 
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the air, it may ſeem prohable that this 7 
nomenon might be owing to the want of that 
heat, which is peculiar to animals of warm 
blood. And I ſhould not have been unwil- 
ling to admit this cauſe, if other animals, with 
blood 7 cold, had not enjoyed the pri- 
vilege of digeſting their food in a much ſhort- 
er period, as we ſhall ſoon ſee (CXXXIV 
We cannot aſſign a deficiency of gaſtric fluy 
as the reaſon, for their ſtomachs abound with 
it (CXXIII). x, cannot. attribute it to any 
thing but the inefficacy. of the fluid 5 7 
3 is by no means ſingular, for we have 
already diſcovered a circumſtance nearly ſimi- 
lar in animals with muſcular ſtomachs;. in 
which the gaſtric juices do not ſo foon di- 
eſt the food, as in animals with interme- 
diate tomachs,(CIII); _ | 3 8 
CXXIX. Among fiſhes I will firſt treat of 
that ſpecies which bears ſo. ſtrong a reſem- 
blance to ſerpents, and is even conſidered in 
the chain of animated beings, as the inter- 
mediate link between fiſhes and ſexpente, 
mean the eel... The ſtomach in this ani 
varies. from the ſtructure generally obſerved 
by nature; it is not a canal immediately con- 
tinued with the duodenum, but a kind of 
blind gut, of confiderable length, ending in 
2 point ; after the food has been received into 
this gut, and been digeſted, it mult aſcend, 
and return to the upper part of the ſtomach, 
in order to. paſs. into the duodenum, which 
forms an acute angle with that upper part. 
The natural figure of both, may. be ſeen in 
laſius's Anatomy of Animals (a). | 
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lato the ſtomachs of four eels T introduced 
ſeveral. tubes, containing pieces of fiſh, the 
food moſt agreeable to eels. In order to 
preſerve them alive, I turned them im a ſmall 
ftew, whence I could take them at pleaſure. 
They were killed at the end of three days and 


_ eighteen hours; and the tubes were found at 


the bottom of the ftomach, entirely covered 


with a dark-coloured mucus, which, on at- 


tentive examination, appeared to be the re- 
mains of the fiſh, that by this time was di- 
geſted. Upon wiping the tubes, and examin- 
ing the inſide, five ont of eight were emp- 
ty, and the three others contained a bit of 

eſh of the ſize of a vetch, but it had loft its 
cohefton. 2% | 175 1 


XXX. Thisex rimentabundantly proves, 
that in this fiſh digeſtion is produced by the 


gaſtric fluid; I therefore proceeded to we 
riments upon ſuch as are more juſtly entitled 
to the appellation of #/hes. I choſe for this 
purpoſe carp, barbels, and pikes, as they were 
the moſt eafy to be procured. It has been 
long well known that the alimentary canal in 
many ſcaly fiſhes, is provided with one ot 
more blind appendixes, which, becauſe they 
lie in the vicinity of the pylorus, have been 
named pylorici; they are always full of a 
white, mucilaginous, and faltiſh fluid, which 
is diſcharged into the canal, and derives its 
origin from a numberof glands lying in theap- 


pendixes. In ſome ſpecies they are few, in others 


in confiderable numbers, and in others again 
exceedingly numerous; they amount in the 
ſturgeon to an hundred; in thoſe fpecies, in 


which they are moſt numerous, the ſeveral faſ- 
cCiculi meet ina common duct; hence, notwith- 


* ſtanding 
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ſtanding their numbers, they diſcharge their 


contents into the pylorus (a) by a few mouths. 
In the three ſpecies I have juſt mentioned, 
this ſingular apparatus is not to be found; but 


the inſide of the ſtomach and inteſtines is fur- 


niſhed with yellow bodies, that probably 
contribute in ſome way or other to digeſtion, 
though J have not been able to aſcertain their 


reciſe uſe. At firſt ſight they look like anu- 


ar worms, adhering, as in newts, to the in- 
ternal ſurface of the ſtomach (CIX) ; but if 
we lay hold of them with the forceps, the 
anular form vaniſhes, and we find that they 
are real appendiculi to the ſtomach and in- 
teſtines. When ſtretched out, they are three 
lines long; each adheres to the villous coat 


by a footſtalk. If we ſtretch them till they 


break, a conſiderable quantity of yellow li- 


quor iſſues out, and the body becomes ſhri- 


velled; and if it be now removed from the 
place of its inſertion, we find underit a little 
tumour, through which a globule ſhines ob- 


ſcurely; and if the tumour be cautiouſly 


raiſed, appears diſtinMy : it is of a yellowi 
white colour, from the liquor whichitcontains. 


Are theſe globules cluſters of glands; and the 


vermiform bodies elongated ducts for convey- 
ing the liquor into the cavity of the ſtomach ? 


1 would very willingly have adopted this no- 


tion, if I had not found that theſe ſubſtances, 


when compreſſed from the lower end up- 


wards, never diſcharge their contents, either 

from the ſummit, or any other part, cont 

to what happens when we ſqueeze the folli- 
(e) Haller, El. PH T. 6. 


1 
1 
1 
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cular glands in birds with muſcular, inter- 
mediate, or membranous ſtomachs. On this 
account I ſuſpend my opinion on the ſubject 
although I;ſhould incline to ſuppoſe that they 
are of ſome uſe mn.digeition. .'. , +: 24 
CXXXI. Immediately under the teeth, the 
very beginning of the e in the carp, 
is moiſtened with a conſiderable quantity of 3 
whitiſh tur bid liquor, of a viſcid conſiſtence, 
and inſipid taſte, which when wiped. off ig 
inſtantly reproduced: and we here ys num+ 
ber of white papillæ, broad at their. baſis, 
and terminating in a point, which, when 
preſſed, emit the ſame kind, of fluid. If we 
make a gentle preſſure any where near theſe 

apillz, a fluid iſſues out, but, as. I ſhould 
uppoſe, of a different nature, ſince it is tranſ- 
parent, thinner than the former, and not at 
all viſcid. With the eſophagus, which is 
very ſhort, and of conſiderable thickneſs, is 
continued the ſtomach, of a membranous 
ſtructure, and very thin, It is caſy to diſ- 
tinguiſh two coats in this organ, the inter- 
nal and the nervous; in the latter thoſe glo- 
bules, Which left me in doubt whether I 
ought to gonſider them as cluſters of glands, 
are buried (C XXX). In this ſhort defcrip- 
tion, we ſee ſources capable of ſupplying the 
ſtomach with. a large quantity BG uid, not- 
withſtanding it wants thepy/orical appendixes: 
* .CXXXII. The conformation of the ſto- 
mach in the barbel, does not correſpond ei- 
ther with that of the carp, or various other 
fiſhes. The w{ophagu "dog and inteſ- 
tines conſtitute a ſingle gut, nearly as in 
earth- worms, and a variety of inſects; this 
gut is only a little dilated at the ſtomach, and 
n | con- 
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contracted at the commencement of the in- 


teſtines. I could not diſcover Within this 


canal any veſtige of glands: or analogous bo- 


dies. However, both the œſophagus and ſto- 


mach are continually moiſtened with a fluid 


in great abundance; which when we preis or 
dilate either of theſe cavities, is ſeen to tran- 
ſude from the internal ſurface; and ſince, ac- 
cording to every appearance, it does not ariſe 
from glands, We muſt ſuppoſe that it comes 
from the open extremities of ſmall arteries 
terminating here. 4% %% „ ants 
CXXXIII. The ſtomach of the pike has the 
ſhape of a hag or ſack, of much greater length 
than breadth; it is full of longitudinal rugæ, 
of a light fleſh colour, and compoſed of coats 
ſo thin, as to be ſemi-tranſparent. The rugez 
extend upwards into the &ſophagus, which 
is eaſily diſtinguiſhed from the ſtomach by its 
white colour, and greater thickneſs. There 
is no appearance of glands either in the one 
or the other, though both, and eſpecially the 
ſtomach, abound with liquor. Ed 


CXXXIV. As fiſhes are 4 fo vomit- 


ig, the tubes which I had introduced into 
the ſtomachs of my carps, barbels, and pikes, 
were frequently returned; and I was often 
chanel at finding them, after a few hours 
continuance in the body, at the bottom of 
the veſſel uſed for keeping them alive. How- 
ever, from frequently repeating my experi- 
ments, though ſo many tubes were ejected 
prematurely, a few remained ſeveral hours 
in the ſtomach; and theſe were ſufficient to 
ſatisfy my wiſhes. In the preſent caſe, the 
ſame thing happened which I had ſo often 
obſerved in — a animals; the fleſh was di- 
1 2 geſted 
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and the adjacent bones. 


geſted within the tubes, and that in a much 
thorter ſpace than in ſerpents (CXXVI, 
CXXVII). This obſervation was verified on 
the barbels, carp, and pike; the two latter 
ſpecies exhibited a phenomenon, foo cloſely 
connected with the preſent ſubject to beomit- 
ted. Happening one day to open a pike, I 
found within it a little fiſh, about three 
inches in length, lying longitudinally along 
the ſtomach, ſo that the whole head occu- 
pied the eſophagus. I had here a clear view 
of the origin and progreſs of digeſtion. 'The 
Jaws of the ſmall fiſh retained their natural 
colour, and appeared unaltered. The eye was 
beginning to quit the orbit, and the gills had 
loſt their purple hue, and were become very 
ſoft. In the ſtomach the marks of digeſtion 
were more evident. The fleſh of the body 
was more and more tender as I !proceeded 
downwards; and towards the bottom it had 
degenerated into a ſoft and ſhapeleſs maſs, 
The extremity of the tail, which had lain at 
the bottom of the ſtomach, was entirely con- 
ſumed, and with it the vertebræ of the ſpine, 

CXXXV. I met with another ſimilar cir- 
cumſtance in a little carp. It had ſwallowed 
a ſmall lamprey, which was ſtretched out at 
full length, and occupied the whole ſtomach, 
and at leaſt two thirds of the eſophagus. 
The part that lay at the bottom of the ſto» 


mach was changed into a kind of mucilage, 


in which there was no appearance of any or- 
ganized part, except ſome of the dorſal ver- 


tebre. The parts that lay higher ſtill co- 
'hered, but they came away from the animal 
on Being touched. The others, which oc- 


cupied 
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cupied the ceſophagus, ſhewed likewiſe marks 


of an incipient concoction. 


Nothing can be more inſtructive than theſe 
two facts combined. 1 ſhew, in the firſt 
e ſtomach digeſts 


place, that the bottom of 
more 3 than the parts ſituated above, 
as we have 


noticed with reſpe&t to crows and herons 


LXXVII, XCIX, C, CI); and which phy- 


iologiſts have obſerved before me in other 


fiſhes. Laſtly, that digeſtion in the eſopha- 


gus is ſlower at its beginning, and in its pro- 
greſs; two things that have been remarked. 


in the birds juſt mentioned. | 
With reſpect to the triturating power of 
the ſtomach in theſe three ſpecies of fiſhes, 


not to mention that digeſtion has been ob- 


tained in the tubes without its concurrence, 
I am of opinion that it has no exiſtence ; this 


I infer, from no effect being produced by 1t 


upon the tubes, upon which I have never 


perceived the ſmal eſt bruiſe, contuſion, or 


injury, in my experiments on fiſhes, any more 


than on frogs, newts, and ſerpents, though: 


they were ſo thin, that the ighteſt force 


would have been more than ſufficient to diſ- | 


tort or bruiſe them. pes 


CXXXVI. From cold animals let us pro- 


ceed to ſome experiments on the ſtomachs of 
warm animals, ſuch as ſheep, oxen, and horſes. 
Reaumur, in his ſecond and laſt Memoir (a) 


concerning digeſtion, after relating at length 


(a) Hiſt, de Acad. Roy. An. 1782. 


een in other animals (XC): ſe- 
condly, that the eſophagus, as well as the 
ſtomach, is in ſome meaſure capable of con- 
coction, a circumſtance that has been already. 


his 
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his obſervations on a kite, flightly touches 
on ſome experiments upon dogs and ſheep. 
F will here quote the reſults of his experi- 
ments on the latter ſpecies, reſerving thoſe 
on the two others for another place. Deſi- 
rous of ſeeing whether digeſtion in ſheep is 
the effect of the gaſtric fluid, he forced down 
the throat of one of theſe animals four tin 
tubes, two of which were full of freſh blades 


of graſs, and the two others of chopped hay. 


Fourteen hours afterwards | the ſheep was 
killed and opened, when the four tubes were 
found in the firft ſtomach, with their con- 


tents; and the graſs and hay were not in the 


ſmalleſt degree digeſted, and but little ma- 
cerated, | N 


Suſpecting that they would undergo fur- 


ther alteration, and be even digeſted by a 
longer continuance in the ſtomach, Reaumur 
cauſed eight other tubes to be prepared in the 
ſame manner, i. e. four to be filled with freſh 


„ and the remaining four with hay. 


he graſs before it was put into two of theſe 
tubes, and the hav before it was put into two 
others, were moiſtened with human faliva. 
All the eight were forced down the throat of 


a ſheep, which was killed thirty hours after- 


wards ; during this interval, the animal had 
been kept ſtrictly faſting ; this precaution 
had alſo been obſerved with reſpect to the 
former ſheep, that had not retained the tubes 
ſo long. In the 'courte of the thirty hours, 
the greater part of the tubes were voided at 
the anus, but a few remained in the firſt 
ut neither had the graſs or hay under- 


gone the ſmalleſt degree of digeſtion ;. they 


pre- 
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preſeryed their original form and dimenſions; 
and when they were pulled at the two. oppo» 
ſite extremities, reſiſted efforts to break them 
with the fame force that fümilar pieces of 
graſs or hay, that had been a little macerated, 
would have done. Hence it is inferred by 
this illuſtrious naturaliſt, that digeſtion can- 
not be effected in the ſtomachs of ſheep by a 
ſolvent, unleſs that ſolvent be aided by tri- 
turation : he was however ingenugus enough 
to confeſs, that theſe two experiments are of 
themſelves very far from throwing ſuch light 
pg ah preſent ſubject as he could have 
wiſhed. | 
CXXXVII. The firſt thing J undertook 

with reſpect to ſheep, was to repeat exactly 
Reaumur's experiments, Thinking the tubes 

I had hitherto employed too fmall, I had ſome 
made eight lines in length, and four in dia- 
meter. But I could not at firſt introduce 
them into the ſtomach. After I had put 
them into the throat with my hand, trough 
I puſhed them as far as my fingers would 
reach, they were always returned. With 
Reaumur's method I was unacquainted, for 
he does not give the leaſt information about 
it. At laſt an expedient occurred; it confiſt- 
ed in putting the tubes, provided with their 

contents, into a hollow cane, and mtroduc- 
ing this cane into the ſophagus; I could 
now puſh them forwards with a rod, till 
they dropped out at the lower end of the cane 
into the œſophagus; and as the part of the 
eſophagus into which the tubes were now 
introduced, lay at-a great diſtance from the 
mouth, the animal, in ſpite of all the efforts 
he made to retarn them, was obliged to re- 
e e | gelve 
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ceive them into the ſtomach : to the ſame cons 
trivance I had recourſe likewiſe in oxen and 
| Horſes. Six tubes were given to a ſheep; in 

ewenty-ſeven hours it was killed and opened; 


it had eaten nothing during all the time it 
retained the tubes; and this precaution was | 


ſtrictly obſerved upon every ſheep upon which 
experiments were made. - Notwithſtanding 
ſo long a faſt, the firſt ſtomach contained 3 
large quantity of graſs, ſomewhat triturated; 
and though 1t had fed upon this before the 
experiment, it was not yet digeſted. | In the 


midſt of this graſs, that was thoroughly im- 


bibed with a greeniſh fluid, with which 
great part of the ſtomach was filled, lay five 
of the tubes; the ſixth had paſſed to the ſe- 
cond ſtomach, which may be conſidered: as 
an appendix to the firſt. The herbs which I 
encloſed in the tubes, after they had been 
impregnated with my ſaliva, were beet; tre- 

foil and lettuce; in three tubes they were 
green, and in the reſt dry. Upon opening 
all the fix, I could not perceive that either 
the freſh or the dried plants had ſuffered any 
diminution, or undergone any degree of real 
concoction; it was only become a little ten- 
derer, and the freſh herbs had loſt their green 
colour ; in ſhort, the reſult of this experiment 
was exactly like that of Reaumur's. Wo 
_ CXXXVIII. I ſhould then have ſuppoſed, 
that in theſe animals digeſtion depends on'the 
triturating power of the ſtomach, if it had 
not ſtruck me, that, as the herbs encloſed in 
the tubes had not paſſed further than the firſt 
ſtomach, they might not perhaps have felt 
the influence of that kind of gaſtric fluid, 
which is requiſite for the concoction of the 


5 food: 
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food: for it is very poſſible that this fluid 
may reſide in ſome of the other ſtomachs, and 
eſpecially in the fourth; in Which tlie __ | = 
ments of animals. with four ftomachs, ſuch — —_- 
as ſheep, are always found in the ſtate of a very 1 
ſoft paſte. Reaumur indeed did not perceive 
any ſign of digeſtion even in the tubes that 
had been voided at the anus, and conſequent- 
ly muſt have paſſed through the other ſto- 1 

machs. But this obſervation feſted upon a : J 
ſingle experiment; and to illuſtrate ſtill fur-=  . | 
ther a matter of ſuch importance, it could . 
not but be proper to repeat: it. I therefore 4 
treated another theep in the fame manner, and | 
allowed it to live thirty-feven hours after= 
wards, that the tubes might have time to | 

ſs beyond the firſt ſtomachs. * They did in 2 | 
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fact paſs beyond them; and I found all fix 
in the fourth, which anſwered the end Thad 
in view; the three ſpecies of plants however, 
mentioned above. (CXXXVII), both the - 1 
green and the dry, were entire, and ſeemed | 1 

| 

N 


- 


only a little foftened by macer ation 
CXXXIX. I was now about to declare in 
favour of the neceſſity of trituration in this 
animal, when a doubt occurred. . Neither — 
Reaumur nor myſelf had adverted to a cir-- | 
cumſtance, which ever. precedes digeſtion, | | 
both in ſheep, and every other quadruped en- 
; dowed with four ftomachs, as goats, oxen; 
e deer, &. I mean rumination. We are taught, 
d both by diſſection and daily expenence, that 
N the food, When it has arrived at the ſecond 
t ſtomach, does not immediately proceed to the 


FE ² wanton Bins Nh, % ͤ ß ee ² ²mqͤͤ GQ bet SA 


t WW third, and thence to the fourth, but, on the 15 

, contrary, returns, and re-aſcends up the œſo- =, 

e phagus; and when it has reached the cavi ß; 
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of the mouth, is maſticated and ground oπ]᷑ỹ] 
again, and impregnated with a large quantity 
of faliva; this proceſs is repeated, till it be. 
comes fit to be digeſted. I therefore enter. | 


. 


_ tained many doubts whether the Phenomels | 
obſerved by Reaur If, were not | 
rather owing to the want of rumination than 


obſerved by Reaumur and myſe 


of trituration. Wherefore, in order to de- 
cide with certainty. concerning digeſtion in 
ſheep, I perceived it would be neceſſary 0 


repeat the i upon plants previoull 


triturated. And I did not conceive that this 
trituration was ſo peculiar in ruminating 
animals, that it could not be ſupplied þ 
man, provided he. ER the herbs — 
and impregnated them thoroughly with fa 


liva. I therefore performed this eaſy opera- 


tion; the uſual tubes were employed; in three 


of them pieces of the green plants were en- 
cloſed, and in three others of the dried; but 


both had been well maſticated: the lines and 


nerves that traverſe the leaves, were however 


eaſily diſtinguiſhable. Leſt, when thus broken 


down and divided, they ſhould paſs out at the 
lateral pores, or through the meſhes of the 
lattice-work, I thought it would be prope 
to encloſe each tube in a linen bag; ſuppo 

that in the preſent caſe that it SB not. be 
i that muſcular action, which is ſo 
conſiderable in gallinaceous fowls, does not 
exiſt in the animals in queſtion. I gave the 


fix tubes to a ram, together with ſix other 


filled with the ſame plants, but not Ps 
to 


_ viouſly maſticated, that I might be ab 


form a comparifon. Fourteen hours aft 
the animal had taken them, he vomited thre 
at once ; and in thirty-three hours five more 

2 were 
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were voidetl at the anus; at the end of two 


ys he was killed. Of the four remainin 
tubes, two were found in tlie ſtomach, an 


the bag in which they were encloſed was en- 
tire. The tubes that had been vomited 
had received more or leſs injury; the con- 
tents of two had not been maſticated, nor 
had they undergone the ſmalleſt alteration. 
The contents of the third had been maſti- 
cated, and were evidently waſted ; for they 
now occupied little more than half the tube, 


they had acquired a ſubacid taſte. Many of 
the pieces having loſt their natural firmneſs, 
| broke when I attempted to ſtretch them ; 


ſome reſiſtance. 3 
In two of the tubes voided at the anus, the 
pieces of plant had not been maſticated ; 
theſe did not ſeem at all diminiſhed, or was 
the coheſion of the parts deſtroyed ; on the 


nothing; the ſmall remains conſiſted of bare 
nerves, with a little of the leaf attached; 
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ſoftened, that the lighteſt force broke them. 
The bag in which they were encloſed was 


twiſted and preſſed between the fingers, it 
I ielded a Eid yellow juice, of an acid taſte. 
his was far from being the caſe in the bags 
which contained the two tubes, of which the 
contents had not been chewed ; their inſide 
had ſcarce a ſhade of green; and this ſhade 
was ſtill leſs perceptible in the juice expr eſſed 
| 4 K 2 from 


the other two at the end of the duodenum ; 


whereas at firſt they had entirely filled it; 


the nerves only when they were pulled made 


contrary, the plants in the other three (which 
had been maſticated) were reduced almaſt to _ 


and both the one and the other were fo much 


Ne dyed green, particularly in its infide; When 


y - 
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from them. With reſpect to the tubes found | 


in the laſt ſtomach, and at the end of the 
duodenum, the contents of the former had 
acquired a deep green colour, were a: hittle 


macerated, but had not loſt much of their} 
natural firmneſs, and did not appear to be 
diminiſhed in bulk. They had not been 


maſticated, but thoſe of the two others had; 
and of them there remained only ſome of the 
largeſt nerves, which were themſelves yery 
tender, and half decompoſed. - I have alread 
obſerved, that the tubes voided at the mou 

were more or leſs bruiſed; but all the re 
were quite free from injury. _ 
_ CXL. The reader is already aware of the 
immediate conſequences of theſe expert 
ments. In the firſt place it appears, that the 
gaſtric fluid of ſheep has no effect in digeſt 
ing plants, unleſs they have been prevaoully 
maſticated; otherwiſe it can only produces 


* 


flight maceration, nearly as common Water 


would do in a degree of heat ſomewhat: ex- 
ceeding the middle temperature of the at- 
moſphere. Secondly, this fluid is abun- 
dantly capable of digeſting. plants, provided 
they are previouſly. reduced to pieces by mats 
ticition; its firſt effect is to ſoften them, and 
deſt oy their natural conſiſtency; it then pro- 
cceds to diſſolve them, not even ſparing the 
tougheſt parts, ſuch as the nerves of the 
leaves; of this folution we have a clear proot 


in the green colour that appears on' the linen 
encloſing the tubes, and in the juice & 


preſſed from it (2). Thirdly, the triturating 
(a) In my agreeable reſidence at Geneva in the ſum- 
mer of 1779, I had what had long wiſhed for, hr 
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ower of the ſtomach does not at all contri- 
bute to et in ſheep, but this proceſs is 
entirely e 

ly, no ſuch power exiſts in theep, as we ſee 
rom the tubes that were voided at the anus 
and found in the ſtomach having ſuſtained 
no injury, notwithſtanding preſſure alone be- 


faQion of being perſonally acquainted with my illuſtrious: 
friend Mr. Bonnet, and of enjoying much of his 
converſation. I had alſo am opportunity of taking his 


opinion on ſome productions, which I deſigned to 


publiſh, and particularly the preſent work concerning di- 


geſtion. Three other reputable philoſophers and excel- 5 


lent judges of the ſubject were preſent at the reading, 
Mr. Abraham Trembley, Mr. Johannes his worthy . 
nephew, and Mr. Senebier, Librarian of the Republic of 
Geneva; and it did not appear to me, that my labours 
were diſapproved by this reſpectable aſſembly. Mr. Bon- 
net gave me a book to peruſe on the ſame ſubject, which, 
as it was new to me, gave me fears, leſt the author ſhould 
have anticipated me; it was intituled, Eſlai ſur la Di- 
geſtion, & ſur les principales Cauſes de la Vigueur & de 
la Durée de la Vie. Par Mr. Batigne, M. D. Berlin, 
1768, 12mo.”” But I was ſoon aware, that Mr. Batigne 
and myſelf had purſued very different paths; in his book 
he does not enter into any experimental enquiry concern- 


ing digeſtion, but conhnes himſelf to reflections,” Which, 


altaough they are very pertinent and ſenſible, are calcu- 
lated rather to excite than ſatisfy the reader's curioſity. 
Hence I ſhould not have mentioned it, but for ſome ob- 
jections ſtarted againſt Reaumur's Memoirs on Digeſtion. © 
Theſe I ſhall touch upon in a few ſhort. notes, at ſuch 

places of the text as they ſeem moſt connected with. And 
here it is proper to mention one objection. relative to the 

digeſtion of ruminating animals, which, before I was ac- 
quainted with Mr. Batigne's book, I had myſelf urged 
againſt Reaumur, and which experiment proves to be per- 
fectly juſt, It conſiſts in ſhewing, that the French natu - 
raliſt Pad omitted the * of the plants encloſed 
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ected by the gaſtric juices. Fourths: 
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tween the fingers is ſufficient to flatten them 
| The contuſion of the tubes that were vo. 
=_— mited is no proof of the contrary," ſince it is 
=_ —- evident, that this contuſion was produced by 
the teeth of the animal during rumination, 
Laſtly, theſe vegetables acquire a ſlight acidi- / 
ty during ſolution, but of this we thall have 
another opportunity of ſpeaking hereafter (a), 
CXLI. This ee feeds not only upon 
graſs, but upon corn alſo whenever it meets 
with it ; it is likewiſe very fond. of bread. 
225 In order therefore to confirm ſtill farther 
ö what has been advanced, I thought it would 
be very proper to make an experiment upon 
ſome kind of grain! I ſelected wheat for thi 
purpoſe; and as it may be procured under the 
various forms of feed, flour, and bread, 1 
| choſe to make trial of all three. Six tubes 
were filled, three with theſe ſubſtances with» 
out any other preparation, and three others 
with the ſame after they had been well mal- 
ticated, The tubes were encloſed in linen 
| bags as before, and given to a lamb fix months 
Old. It was killed thirty hours afterwards; 
none of the tubes were either vomited or 


in the tubes before he introduced them into the ſtomachs 

of ſheep, which was the reaſon why they were not digeſt- 
ed. Nearly the ſame objection is urged by the learned 
_ -. Phyſician in theſe terms; The experiments (of Mr. de 
_  Reaumur) upon ruminating animals are till lefs conclu- 
five; the graſs contained in the tubes could be only ma- 
cerated, ſince it was neither chewed nor broken down a 
ſecond time by rumination. T (L. c. Troifieme Reflexion 
fur les Experiences de Mr. de Reaumur). It was a pjece 
of juſtice due to Mr. Batigne not to overlook this pal» 
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voided at the anus; they were found partly 
in the third and partly in the fourth ſtomachs. 


The reſult of this experiment coincided with 
that related above XI) . The grain, flour, 
and bread, that had not been maſticated welt 
indeed penetrated thoronghly by the gaſtric” 
fluid, but not at all diflolved. On the con- 
trary, the corn which I had firſt bruiſe with 
x peſtle and then ground between my teeth 


and reduced to a coarſe paſte, was in great _ 
meaſure conſumed; nothing remained in the 


tubes but fragments of the bran, With 
ſome ſmall remains of farinaceous matter ad- 
hering. The like had happened to the flour 
and bread, what remained confiſted of a mu- 
cilaginous maſs, without any appearance © 


what it had originally been. This matter 


had a ſlight degree of acidity, a quality which 
was far more evident in the It flour, and 


grain that were not diſſolved by the gaſtrie 


fluid for want of previous macer ation 
CXLII. The vaſt quantity of gaſtric fluid 
with which ruminating animals are continu- 
ally ſupphed, was already known oth oo 
logiſts, and particularly to the great Haller. 
After a faſt of two whole days, I have found 
thirty-ſeven ounces in the two firſt ſtomachs 
of a ſheep. It was green, but I know not 


whether this colour is natural to the fluid; as 


the yellow hue to that of crows (ELXXRXT) ; 
or rather whether it is adventitious; and de- 
rives its origin from the plants oh Which 
theſe animals feed, of which „ notwithitand- 
ing ſo long a faſt; there were ſill ſome re- 
mains in the two ſtomachs. The great quan- 
tity of juice I had collected induced me to 
try whether, like that of ſtveral other ani- 
55 VW mals, 


the body. I therefore encloſed ſeveral pieces 


pariſon, by repeating the ſame experiment 
upon two other tubes filled with water. That 


of heat nearly equal to the temperature of 


macerated, had undergone no inconſiderable 


they did not afford ſo much reſiſtance as at 


thoſe which had been chewed, and thoſe. 
Which had not, had not loſt either their co- 


— 
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mals, it was capable of digeſting food out of 


of the leaves of lettuce in two ſhort glaſs 
tubes (Which I had previouſly filled with the 
juice), and ſealed them with wax at each 
end. The contents of one tube, as before, 
were maſticated, While thoſe of the other 
were left untouched. It was proper on the 


} 


preſent occaſion to employ a term of com- 


theſe four tubes might be expoſed to a degree. 


ſheep, I fixed them under my axillæ, two 
under each axillæ, where they continued 


forty-five hours. The leaves immerſed in 
the gaſtric fluid, which had been previouſly. ! 


change. Beſides the loſs of their bright 
green colovr, they were converted into a kind. 
of kus in which it was juſt poſſible to find, 
with the point of a — 4tey a few nerves, 
which were the only remains of the organi- 
zation of the plant. This was far from be- 
ing the caſe with the leaves that had not been; 
maſticated; for all the pieces were diſtin- 

uiſhable, and the only e hk was, that 


firſt. The leaves immerſed in water, both 


lour or confiſtence.. From this compariſon. 
it appears, that the gaſtric fluid does not act 
on the plant as a mere aqueous fluid, but as 
a real ſolvent, nearly as it acts in the ſtomach. 
itſelf. Nor was the heat to which it was, 
expoſed under my axillæ a condition without, 
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its part in the production of this incipient· 
digeſtion; for in pieces of the ſame leaves of 
lettuce maſticated in the ſame manner, but 
kept in my apartment, of Which the tem 
perature was about fixteen * deg. there 1 5 


peares only a ſuperficial maceration, notwi 


e they remained immerſed in the ſame f 
ui Ms: 


gaſtric fluid for the fame ſpace of time. 

CXLIIE I cloſed my enquiries concerning 
the digeſtion. of ruminating animals by ſome 
experiments on oxen. In theſe the ſame tubes 
and. plants were employed as before, and the 
reſults perfectly coincided with thoſe obtain 
ed from ſheep; only in the preſent inſtance, 
Nature was more ſpeedy in her operation. 
Before twenty-four hours had elapſed, the 
tubes, which had been given to two oxen, were. 


voided wong with the excrements; they were. 
in the leaſt contuſed or injured. _ When. 
taken out of the linen bags and examined, they -- 


not in the 


were found to contain little more than the bare 


ribs and nerves of the leaves of beet, lettuce, 


and trefoil (which leaves had been previouſſy 


maſticated). The nerves were alſo in ſome, 
degree macerated, and the ſlighteſt violence 


was ſufficient to break them. On the con- 
trary, pieces of the ſame plants that had not 
been ſubjected. to maceration were indeed 
ſlightly concocted, and their colour was a 


little faded, but they were entire. When 
applied to the tongue, they taſted ſubacid, 


like thoſe which had been in the ſtomachs of 
ſheep (CXXXIX, CXLI) ). 


The horſe does not chew the cud, but he 
reſembles. the ox in the membranous ſtruc- 
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ture of his ſtomach, and the food upon ich 
he lives. I was therefore deſirous of ſeeing 


what changes maſticated plants would under- 
go by continuing a given time in the ſto- 


mach of this quadruped' alfo, encloſed as 


uſual in tubes. Here too they were di- 
geſted, as I learned from ſome lettuce and 
trefoil encloſed in two tubes, which were 


_ voided in fifty-twohours. / = 


CXLIV. When I reflect upon the various 
animals to which my enquiries concerning 
digeſtion have been hitherto extended, I per- 


ceive, that the ruminating ſpecies very nearly 


reſemble birds endowed with muſcular ſto- 
machs, with Jy to the action of the gaſ- 
tric fluid. In both, that fluid requires an 


agent capable of breaking down and tritu- 


neg 1e food, before it can diſſolve and 
digeſt it. From the mouth of granivorous 


birds, where it undergoes no real alteration, 


the aliment paſtes immediately into the craw, 
where it is ſoftened and macerated ; from this 


receptacle it deſcends into the ſtomach: the 
triturating power of this organ performs the 


office of - teeth, and breaks, grinds, and, 
if I may fo ſpeak, pulverizes it, and thus 
renders it fit to be diffolved By the gaſtric 
fluid, and converted into chyme. Nature 


employs a ſimilar contrivance in ruminating 


animals. The hay and graſs deſcend im- 
mediately into the firſt and ſecond ſtomachs, 
in nearly the fame ſtate as when they were 
browſed. Here they are ſoftened by the exu- 
berance of gaſtric juices, as ſeeds in the 
craw of birds with gizzards. But as the 
ſtomachs of ruminating. quadrupeds have no 
ſenſible triturating power (CXXXIX, CXL, 

„„ | CXLIII), 
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CXLIIT), and the aliment requires tritura- 
tion, nature has wiſely provided for this by 
cauſing it to aſcend, in conſequence of a 
gentle ſtimulus to vomit, into the cavity of 
the mouth, where, by means of rumination, 
it receives the neceſſary prediſpoſition to be 
digeſted by the gaſtric fluid, as happens to 


the food in the ſtomachs of . granivorous 


fowls, after they have been properly triturat= _ 


ed by the gaſtric muſcles. 
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his firſt memoir of the mode 
of digeſtion in granivorous and herbivorous 
fowls which are provided with gizzards, in 
his ſecond proceeds to enquire into the na- 
ture of that function in carnivorous birds, of 
which the ſtomach is membranous. From 
the facts related in the firſt memoir he con- 
cludes, that there does not exiſt in the giz- 
zard any ſolvent capable of ſeparating the 
particles of the mod. This ſeparation, he 
thinks, is effected by a force reſembling that 
exerted by mill-ſtones, viz. the action of ſto- 
machs of this conſtruction upon their con- 
tents. He is moreover of opinion, that 
the facts adduced in the ſecond memoir Prom 
3 | 7 
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the exiſtence of a menſtruum in membran 
ous ſtomachs, capable of diſſolving and di- 
geſting the aliment without borrowing any 
aid from the action of the ſolid part??? 
As the great object of the firſt diſſertation 
was to enquire experimentally into the mode 
of digeſtion in fowls with «muſcular fto- 
machs, I had there an opportunity of conſi- 
dering fully Reaumbr's experiments on that 
ſubject; and we have accordingly ſeen,” that 
the conſequences he has deduced from them 
are by no means to be admitted in their full 
extent. This is plain from the XXXIX, 
XL, XLI, XLII., XLIII, VLVth para- 
graphs, to which, for the fake of avoiding 
uſeleſs repetitions, I refer the reader. The 
preſent diſſertation, in which the ſubject. of 
digeſtion in membranous ſtomachs is con- 
tinued, is the proper place for conſidering 
the experiments related in the ſecond memoir; 
As of all fowls birds of prey approach neareſt 
to man in the ſtructure of the ſtomach; he 
choſe one of thoſe large kites that are com. 
mon in France, for the ſubje& of his enqui- 
ries. The periodical vomiting, 'common to 
all birds of prey, allowed the French na- 
turaliſt to make a variety of experiments on 
the ſame individual. He employed tin tubes 
filled with different ſubſtances, eſpecially 
fleſh, which, after having been ſome time 


in the ſtomach, were thrown up, and gave 


him an opportunity to examine the effects 
produced upon the contents. That the fleſh 
was more or leſs digeſted according to the 
length of its continuance in the body f 
the animal, was the general and invariable 
„ RR | reſult 
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reſult obſerved by Reaumur (a). Hence he 
juitly infers, that in this caſe digeſtion is 
produced by the gaſtric fluid, without the 
cToncurrence of any triturating power. He 
mentions ſome other experiments, which I ſhall 
Have occaſion to conſider below; and concludes 
from analogy, that digeſtion in other birds 
With membranous ſtomachs is produced in 
the ſame manner. He laments however, that 
: from the death of his kite, and his neglect- 
ing to. ſubſtitute other animals in its ſtead, 
he could not adduce facts ſufficiently nume- 
rous to illuſtrate the ſubject fully. He pro- 
miſes to un e deficiency on ſome future 
occaſion, but his death, by which a few years 
afterwards natural philoſophy loſt its great 


(a) Mr, Batigne thinks, that ſleſh encloſed in tubes 
q was inſufficient to convey a precile.idea of the alteration .' 
_ itt undergoes in the ſtomach, as it is only macerated in 
_ - tubes, and not digeſted. '* On voit de plus que la viande 
Ff | miſe dans les tubes ne peut donner une idee preciſe des 
changements qu'elle ſubit dans l' eſtomac de l'animal, puis 
Auelle n'y eſt que maceree & non point digeree.” (L. 
bit | 3 Reflection fur les experiences de M. de Reaumur.) 
1 e author muſt allow me to obſerve, that in this attack 
he miſrepreſents Reaumur, who, p. 465, &c. of the 
Mem. of the Roy. Acad. expreſsly ſays, that the fleſh 
given to the kite was not merely macerated or ſoftened, - 
but completely digeſted, and at laſt entirely conſumed. 
He might indeed have objected to the ſmall number of his 
experiments, as inſufficient to aſcertain the efficient cauſe 
of digeſtion, if that philoſopher, whoſe ingenuouſneſs was 
equal to his-{kill, had not perceived and publicly owned it 
himſelf. That tubes, provided the experiments are pro- 
perly made and varied, are well adapted to ſhew the 
change produced upon food in the ſtomach, will be abun» 


dantly proved by tlie facts adduced in this treatiſe. 
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ornament, prevented him from fulfilling his 


CXL VI. I do not preſume that I ſhall be 
able to accompliſh, what neither this illuſtri- 
ous naturaliſt, nor any other, as far as I know, _ 
has effected. But ſimply with the view of 
continuing my obſervations and reflections on 
digeſtion in fowls, with membranous ſfto- 
machs, I ſhall relate ſome: experiments on 
various birds of prey, of which Tome ſeek it 
by night, and others by day. Among. the 
former, I have uſed ſuch as I could moſt ea- 
ſily procure, the little owl and, the ſcreech- 
owl. The food which I gave the farit-mention- 
ed ſpecies (a), and which it eagerly devoured, 
has enabled me to ſolve, among other pro- 

blems; one that exerciſed the ſagacity of M. 
de Reaumur. Finding that the gaſtric fluid 
of the kite digeſted fleſh, he wiſhed to know 

whether it would alſo digeſt vegetables; a 
circumſtance he did not think probable, when 
he conſidered the repugnance carnivorous 


birds ſhew for them; and ſo in fact it hap= _ 


ened. When beans, peaſe, wheat, incloſed 
in tubes, had lain ſome: time in the ſtomach, 
they were-thrown up juſt in the ſame ſtate as 
they had been ſwallowed: nor did boiling 
diſpoſe. them to be diſſolved any better by 
the gaſtric fluid. Some ſparrows, which 4 
gave my owls, afforded me an opportunity of 
obſerving the ſame phenomenon. As they 
ſwallowed them whole, they of courſe wauld 
receive into the ſtomach feathers and food 


(a) This ſpecies is called by Buffon petite une, 
Hiſt. Nat. des Oiſeaux, T. 2. Ed. in 8vo. and by Lin- 
neus firiæ paſerina, J!. ĩò ðâVbb om 
e not 


- "6 : 
4 RES vat +3 7 
- = ** 4 * 
3 . of j 


*. 
14 23 


W 


p - x . J 4 - . 4 
1 = ww D1S8SERTATION MN. 
a. ; 7 f 7 | 75 - a | 


not yet digeſted by the ſparrows, and conſiſt. 
ing of grain or bread. Now, after the fleſh 
”  - Has been digeſted, the feathers are vomited 
=—_ generally in the form of a hard ball; and 
along with the feathers the grain, Which, 
5 | though it is much ſoftened by maceration, 
| yet continues whole. And if the matted fea. 
thers be diſentangled, we may generally per- 
ceive evident traces of bread. Hence we 
Have a clear proof that the gaſtric fluid pro- 
duces no change on ſuch vegetable. 
e. This fact, fimple as it is, ſhews 
two things, of ſome importance to be no- 
ticed : firſt, that the ſtomach of this bird'is 
really membranous, and without any power of 
trituration: this appears from the 'grains 
(CXLVI) continuing whole, though they 
had been ſoaked till they were become ſo ten- 
= der, as to burſt on being gently ſqueezed bes 
= ' 4ween the fingers. I would 'not however 
l alledge that the ſtomach has no action at all; 
for the globular mats of feathers can only be 
# Produced by this viſcus contracting as the 
P . W. ent +2 ne 
= The digeſtion of the bones alſo - deſerves 
= attention. It cannot be ſaid that they are 
—_ voided along with the excrements; for I 
= muſt ſoon have heen aware of this, as I kept 
= -mY-owls in cages; nor, for the ſame reaſon; 
TE could it Have eſcaped my notice if they had e 
| 5 been vomited. I have indeed ſometimes tl 
| found two or three little bones, as a dorſal ver- 
tebra, or a piece of the cranium, among ths a 
matted feathers, but never any thing like the 
whole ſkeleton. We muſt therefore con- be 
- Elude that they are digeſted. „ 
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. CXLVUI. Reaumur's kite was capable of 
digeſting bone, though of the hardeſt tex- 
ture, and encloſed in tubes (a): Though 


the experiment juſt related is ſufficiently de- 
ciſive, yet, as the bones were looſe in the 
ſtomach, to be abſolutely certain that the 
effect was produced by the gaſtric fluid alone, 
it was proper to repeat it with a tube; with 
this view a piece of the thigh of a pigeon 
was put into one of the ſame tubes that I 
uſed before: thus two experiments, one on 
the digeſtion of fleſh, and another on that of 
bone, were made at once. By long practice 


upon birds. of prey, I learned how to 2 


the tubes in the ſtomach as long as I pleaſed: 


When I had given one of my tubes to an 


owl, after it had been full fed, I found it 
was not thrown up till all the food was di- 
geſted. This obſervation is applicable to al 
other 'birds of prey. The ſame thing alſo 
happened when they were fed ſparingly. All 
the difference was, that as the ful Comath 
requires more time to. be emptied, the tubes 
were retained longer, and vice ver/a. When 
they were faſting, the tubes were ſure to be 
returned in two or three hours. This ob- 
ſervation, together with the knowledge I had 
2cquired from experience, of the time theſe 
birds take to digeſt a given quantity of food, 
enabled me to gueſs pretty exactly how long 
the tubes would continue in the ſtomach.” 
I return now to the tube in which part of 
2 pigeon's thigh had been put. After ſeven- 
teen hours continuance in the ſtomach, the 
bone was no where changed” except at the 


8 # F (a) Mem. eit. 9 
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broken ends, which were a little ſoftened, 
The fleſh, by which it was covered, as well 
as the integuments, had begun to be diffoly- 
ed, for the ſurface was become exceedingly 
tender. In fourteen hours more greater effects 
were produced. The fleſh was conſiderably 
wwuftbd the bone was ſhortened at the ends, 
and was ſo ſoft, as to yield to the preſſure of 
the finger. In twenty-ſeven hours more, 


1 there was no remains of fleſh or perioſteum, 
3 and the bone was a good deal thorter than at 


firſt. I could not but be deſirous of ſeeing 
the end of the experiment, and therefore re- 
laced the bare bone in the tube. When it 
Ee Fad remained 'twenty-one hours in the ſto- 
mach, it had loft the marrow, and the inter- 
tal cavity was enlarged, though the girt was 
=_ leflened. This aroſe from S corroſion of 
4 the internal and external ſurfaces at the fame 
= time. Both ſurfaces were covered with a 
yellow fluid, that had at once a bitter and 
Al falt taſte; and points of gelatinous matter 
= were diſperſed over them. The bone, thus 
= half diſſolved, was put again into the tube, and 
p left thirty=two hours longer in the ſtomach. 
If the reader can conceive a cylinder of thin 
paper, uneven at the ends, and perforated 
With teveral holes, he will have an idea of the 
ſtate of the bone when it was taken out of the 
tube. It was covered with the ſame fluid; 
which muſt have been the gaſtric liquor; g 
and the gelatinous points now alfo were dil- Jt 
perſed over the ſurface of the leaf; this jelly ſr 
Was the offeous matter itſelf, reduced to this [5 
ſtate by the action of the gaſtric fluid. Laſt- 8 
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ty, nine hours longer continuance in the ſto- T 
mach, left only- a few ſmall chips. This z 
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dne experiment convinced me, that the gaſtric 


bone as well as fleſh, without the concur- 


rence of any external agent: it.alſo ſhews the 
gradual progreſs of digeſtion. __ 5 
CXLIX. Having 1⁰ far , ſatisfied my eu- 
rioſity, it remained to enquire into the nature 
of this fluid, and its effects out of the ani- 
mal body. With the {mall ſpunges, by 


means of which I obtained fo large a quan- 


tity from crows (LXXXI, LXXXII) I pro- 
cured it. in due eps from the ſpecies of 
owl in queſtion. I ſay in due proportion; for 
it is evident, that as the ſtomach of theſe 

birds will not admit ſo many tubes as that 
of crows, it cannot yield ſo much gaſtric 
fluid. Beſides, I had only fix little owls, 
whereas I could get as many crows as 1 
pleaſed. It was wonderful how ſoon the 
ſpunges were filled with liquor: As they 
were introduced into the empty ſtomach, 


o 


they were ſoon thrown up, 2grecably to an 


obſervation made above (CXLVII); and yet 
they were as full of juice, as if they had been 
dipped in water; and freſh ones immediatelx 
forced down the throat, yielded a nearly 
equal quantity. I obſerved the ſame thing 
in crows (LXXXIII). Whence it appears, 
with what care Nature provides a large ſup- 
ply of gaſtric liquor in theſe animals, as 15 - 
geſtion is entirely dependent upon it. The 
juice was inſtantly ſqueezed out of the 
ſpunges into a ſmall glaſs ; it appeared to 
have the fluidity of water, but was of a red- 
diſh-yellow colour, like the yolk of an egg. 

his colour was not inherent in the gaſtric 


liquor ; it aroſe from an immenſe number of 
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vor ſmall yellow corpuſcles, ſcarce pag 95 
- 0 


tible by the naked eye, but eaſily ſeen 55 


help of the microſcope. In a few hours they 
ſubſided to the bottom, in the form of a yel- 


low ſediment, and left the fluid above tran 


parent, like water, where it has been freed 
from mud that was diffuſed through it, and 
rendered it turbid. The firſt time I ſaw this 
phznomenon, I ſuſpected it was owing to 
ſome impurities that remained in the ſto- 
mach, and were mixed with the juice. Be- 


fore the next experiment, in order to be cer- 


tain that the ſtomach was free from hetero- 


. ſubſtances, I kept the animal faſting 


or a longer time than uſual ; but this did 


not prevent the yellow colour from appear- 
ing. Upon opening the ſtomach of an ow] 
that had been long Lept-falling;: I could find 
no foreign ſubſtance, but the fluid was as 
yellow as that ſqueezed out of the ſpunges. 
I was therefore convinced that theſe particles, 
though I could not diſcover their origin, did 
not come from any remains of the food. 
The gaſtric liquor of the little crow, like 
other gaſtric liquors, is a little ſalt and bit- 


+ ter: it evaporated ſooner than water. It 


leaves/ a ſediment of the yellow particles, 
which gradually becomes dry, and forms a 


blueiſh yellow cruft; it is not at all inflam- 


mable. . It has one property common to every 
aſtric fluid I have hitherto examined, or 


ſhall have occaſion to mention in the ſequel; 


though it is expoſed to the open air for weeks 
and months, in the hotteſt ſeaſon, it never 
becomes putrid. EE: 
L. Such are the properties of the gaſtric 


* 


liquor of the ſmall owl, when examined 


alone. 
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alone. Let us proceed to the effects it pro- 
duces. on fleſh out of the body. In theſe 
experiments I uſed calves inteſtines, a kind 
of food which this bird devours very greedi- 
ly. Forty-fix grains were immerſed in ſome 
recent gaſtric. fluid; and at the ſame time an 
equal quantity of the ſame. inteſtine was put 
into a phial exactly like the former, and an 
equal quantity of water was. poured upon it. 
Whenever I have made experiments, with a 
view to compare the effects of the gaſtric li- 
quor and water, I have taken care that all 
circumſtances ſhould be alike. To prevent 
evaporation, the mouths of the phials were 
topped with paper; they were ſet near a kit- 
chen fire, where the uſual heat was between 
thirty and thirty-five degrees. In eleven hours 
ſome black ſpots began to appear upon the 
inteſtine in the- gaſtric fluid, which were at 
firſt thinly ſcattered over it, but became gra- 
dually more numerous, till in twenty- four 
hours they almoſt covered it. During the 
formation of the ſpots, I examined the inteſ- 
tine with the microſcope, and found that 
where they appeared, the fleſh was ſoftened, 
and had loſt its fibrous texture. When they 
had ſpread over the whole piece, I took it 
out of the liquor, and waſhed it with pure 
water; and now it recovered its white co- 
lour, for the black covering conſiſted of a 
thin ſtratum of fleſh, which the gaſtric fluid 
had concocted. It was very eaſily rubbed off, 
and fell to the bottom of the water in ex- 
ceedingly ſmall particles, where it formed a 
black ſediment, and when viewed by the mi- 
croicope, ſeemed to be a collection of mole- 
cules of fleſh, with no appearance of fibres, 
| E Es When 
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When the piece of gut was dried, it weight 
only twenty-eight grains, and had therefore 
loft eighteen ; the piece that had ſtood in 
water for the ſame length of time, was quite 
feetid ; whereas the other emitted no diſa- 
greeable ſmell : after waſhing and han 
was found to have loſt ſeven grains. Both 
pieces were again put into the phials, with 
the ſame quantity of water and gaſtric fluid, 
and left in their former fituation for two days. 
The latter had now loſt its ſhape and organi- 
zation, and was converted into a black muck 
lage, of which the particles had no longer 
any coheſion. The gaſtric liquor had there= 
fore diſſolved the piece of inteſtine complete- 
ly; an effect, which neither water nor putre- 

ion had produced upon the other; fot 
there was a remainder of nineteen grains, that 
not only retained its fibrous ſtructure, but 
made conſiderable reſiſtance when I attempted 
to tear it. 

CLI. I did not neglect to examine the 
ſtomach and eſophagus of this ſpecies of 
owl, as I conceived that it would be impro- 
per to omit a brief deſcription of theſe or- 
gans in the animals upon which my experi- 
ments were made. If the beginning of the 
duodenum be tied, ſo as to ſtop the air from 
paſſing, and the upper end of the œſopha- 
gus be inflated, we get a view of the œſo- 
phagus and. ſtomach dilated to their utmoſt 
extent; together they reſemble a pear} or ra- 
ther a gourd, of which the belly is formed 
by the ſtomach, and the neck by the &ſo- 
ke ay when inſpected againſt the light, 
the latter appears ſemi-tranſparent, and the 
former quite opake, If they are cut longi- 

| os 15 tudinally, 
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tudinally, and ſpread upon a table, we find that 
the tranſparency of the œſophagus is Wee 


to the thinneſs of its ſides, Which thicke 


- 
— 
—— 


as they deſcend, and render the lower part as 
opake as the ſtomach. It becomes not gra- 
dually, but ſuddenly thicker, from the mul: 
titude of follicular glands that form the fame 
kind of tranſverſe faſcia, that I have deſcrib- 
ed in other birds; in this ſpecies it is about 
five lines broad. Theſe glands continually 
ſecrete into the cavity of the eſophagus a li- 
quor almoſt inſipid, of a turbid 


l, © | WHIte co⸗ 
Jour, and of ſome denfity; in 2 word, te- 
ſembilog the efaphagea Juice of other. birds. 
At the beginning of the ſtomach the folli- 
cles diſappear, nor could I find the ſmalleſt 
veſtige of any thing like them in the coats, 
though I ſearched with care. Are we then 
to ſuppoſe that the ſource of the fluid, which 
is always to be found in the ſtomach, 1s 
from the numberleſs glands lying at the bot- 
tom of the eſophagus ; this is probably true 
of part; but that no ſmall part comes allo 
from the arteries of the ſtomach itfelf, the 
humidity, like what I have deſcribed in othe 


me with an indubitable proof; for it imme: 


diately appears again, after ut has been wipe 

CLII. This deſcription will, apply to th 
ſophagus and ftomach of [or Lita 4 
have made experiments on two ſpecies of the 
owl; one variegated with many. colours, 
among which the red and brown, or dull 
yellow, predominate ; upon the head are two 
curious tufts, in the ſhape of a creſcent ; the 


L 4 other 
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other ſpecies has not this tuft, but is adorn« 
ed with a greater variety of elegant colours; 
the iris is duſky, in the former it is yel- 
low (a). My firſt experiment was made upon 
one of the long-eared owls, and the reſult 
greatly ſurprized me, It threw up two 
tubes in about three hours after it had taken 
them, nor was the fleſh at all changed; J 

could not perceive any alteration, even when 
it had continued upwards of ſeven hours in 
the ſtomach. If I had not been very cauti- 
ous in forming opinions, I ſhould have con- 
cluded, that the gaſtric juices of this ſpecies 
are inſufficient of themſelves to produce di- 
geſtion; but Ireflected, thataſingleexperiment 
Ji not warrant ſuch a concluſion, and that 
ſome adventitious circumſtance might have 
affected the reſult. The bird ſeemed quite 
ſtupid, and reduced very much in its fleſh; 
hence it was probably unhealthy, and conſe- 
quently incapable of digeſting its food pro- 
perly. This ſuſpicion was confirmed by the 
account of the perſon from whom I had it, 
who informed me, that it had refuſed food 
ever ſince it was taken, which was now: four 
days. It was an old bird; and, upon turn- 
ing to Buffon, I found that, in order to rear 
individuals of this ſpecies, it is neceſſary to 
catch them young, for the old ones will not 
take ſuſtenance in confinement (4). In two 
days and a half longer, that in my poſſeſſion 


| (4) The former ſpecies is called by Linnæus /trix otus, 
and moyen duc by Buffon; the latter firis fludula and chat 
| ' SET. Ta * FE 
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died without taking any food, and returning 
hat I forced down the throat, 
CLIII. This owl fell into my hands in 
winter; the ſpring following I procured two 
young ones trom the neſt, which devoured 
food with eagerneſs whenever hunger preſſed 
upon them: I now repeated my experiment, 
and the reſult was exactly the reverſe of the 
preceding; the fleſh in the tubes ſhewed 
iigns of ſolution in three hours and three 


quarters, and in ſeven was entirely diſſolved. 


This convinced me, that the failure of the 
foregoing experiment was not owing to the 


ninefficacy of the gaſtric fluid, but to the 


morbid condition of the animal; which ei- 
ther leſſened its quantity, or, what is more 


probable, impaired its quality. I might, 


therefore, have omitted mentioning that fai- 
lure; but it was better to relate it, in order to 
ſhew, that when the food incloſed in tubes 
is not digeſted, we are not immediately. to 
infer, that the gaſtric fluid is not capable of 
producing this effect. | 
_ CLIV. But my young owls digeſted not 
only fleſh, but bone; and that of a hard tex- 
ture, {uch as the bones of ſheep and oxen, 
not to mention thoſe of pigeons and fowls. 
The refult was eflentially the ſame as in the 
preceding ' ſpecies (CXLVII, CXLVHD 3: 


inſtead, therefore, of dwelling upon it, I will 


relate, at ſome length, a fact, which, in my 
opinion, deſerves to be noticed. I pare one 
of my owls a frog, and in an hour killed it. 

The ſtomach was exceedingly dilated, and 
was incapable of containing the whole frog, 
of which the head lay in the œſophagus, and 
ſtretched the ſides conſiderably ; the 15 
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legs lay at the bottom of the ſtomach, and 
the fleſh was ſo much waſted; that the bones 
were nearly bare: the integuments of the 
thighs and trunk were almoſt corroded, and 
the fleſh was as tender as if it had been boil- 
ed. The head, which lay contiguous to the 
faſcia of follicular glands at the bottom of the 
ceſophagus, had begun to be diſſolved. This 
experiment ſhews not only that fleſh is digeſted 
with great quickneſs by the gaſtric liquor, but 
likewiſe that it is digeſted equally ſoon in the 
eſophagus and ſtomach; an obſervation ] 
had not yet made upon any other animal. 
CLV. Before I killed both theſe owls, k 
was defirous of 3 ſome of their gaſtric 
Juice, that I might ſee whether it retained 
like others its power of digeſtion; and I found, 
that fleſh is completely diffolved by it even 
when it is aſſiſted by a proper degree of heat. 
-CLVI. In the other ſpecies, the raum ow!, 
the ſame phænomena occurred with reſpect 
to the ſolution of fleſh and bone in the tubes, 
whether we conſider the digeſtion of fleſh an 
bone 1n tubes, or the ſpeedy digeſtion in the 
ceſophagus (a), or the remarkable ſlowneſs 


(a) When I was compoſing the text I was ſtruck by a 
reflection, for the inſertion of which this is the proper 
lace. If we compare the preſent with the LXXVII, 
EXXVIII, LXXIX, XCIX, Cth, Clſt, CXXXV, 
CLIVth, it will appear, that the œſophageal before its 
mixture with the gaſtric fluid, in many animals, is endow- 
ed with ſome degree of digeſtive power. This virtue, 
though it is generally only exerted in conjunction with 
the gaſtric fluid, yet in ſeveral animals produces its effects 
in the ceſophagus, as we have ſeen on more than one oc-. 
caſion, when the ſubject was animals of which the ſto- 
mach is not capacious enough to hold all the food (which 
S ſwallowed with great eagerneſs), and part muſt there- 
fore be lodged in the cſophagus. p 
O 
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of that procefs out of the body. Upon an 
individual of this ſpecies I made an experi- 
ment, which had been unfucceſsful on the If. 
th owl. Obſerving, that when they were 
hungry and 175 their beak very wide, if 1 

re 


dropped a pea, French-bean, or cherry into it 
they ſwallowed it with as much avidity as if it 
had been the pleaſanteſt kind of food, I was 
defirous of ſeeing whether the ſtomach would 
digeſt vegetable ſubſtances. With this view 
I encloſed ſome of the ſeeds juſt enumerated 
in ſome tubes, and forced them down the 
throat, but to no purpoſe; for though the 
liquor ſwelled them, and perhaps altered the 
colour, they underwent no diminution of 
bulk. They were thrown up undigeſted in a 
day or two, a circumſtance which ſufficientiy 
ſhews, that ſuch kind of food, notwithſtand- 
ing they appear to reliſh it, is ill adapted to 
their gaſtric juices. The greedineſs with 
which they ſwallow ſuch ſubſtances can ariſe 
only from that blind appetite, in conſequence 
of which birds take whatever is offered them. 

CLVII. Being fatisfied with theſe expe- 
riments on nocturnal birds of prey, I turned 
*T attention to ſome of the diurnal ones. 

y firſt ſubject was a falcon given me by my 
illuſtrious friend the abbe Corti, formerly 
profeflor of natural hiſtory at Reggio, and 
now ſuperior of the College of Nobles at 
Modena, a philoſopher well known in the 
republic of letters by ſeveral fine publica- 
tions. It was of the ſize of a common hen, 
and appeared to belong to the ſpecies deno- 
minated lanarius by Linnæus. I ſoon TOW 
that I could not handle this bird ſo familiarly 


* 
— — 3 4 * — => + a 


= _ l = 
2 — = \ 
ok ES es he — —_— 3 . 
* b AE, ————— grt, "7 0 * 2 A 5 q 
a — n — — —— 
K " 4 OY RS oa. nt 
,4 * EI LE PI 44 — ob . _—— - 3 


— 
— 


wo DISS E RT A TI ON IV. 


as thoſe which I haye had occaſion to men- 
tion hitherto. The oops beak and long 
ſharp talons would not eaſily permit me to 


_ open the mouth by force, and thruſt the 
tubes down the throat. I however contriv- 


ed a method of introducing them into the 
ſtomach without the bird being aware; it 
conliſted in cutting ſome fleſh in pieces, 
making holes in them; and concealing the 
tubes in theſe holes. When the falcon was 
hungry he ran eagerly to the pieces of fleth, 
and ſwallowed them whole. For the fraud 
to ſucceed, it was neceſſary that the tubes 
ſhould be quite covered with fleſh; for if 
any part of them was bare,.the falcon would 
put them under his talons and tear the fleſh 
away with his beak and ſwallow it, leaving 
the tubes. F f 75 
_CELVHI. My firſt experiment was made 
with a view to aſcertain, whether it was ca» 
pable of digeſting bone independently of the 
action of the ſtomach. The reſult was ſuc- 
ceſsful ; but I have before ſaid ſo much on 
the ſubject of the digeſtion of bone, that I 
ſhould omit relating the preſent inſtance par- 
ticularly but for a new and important phe- 
nomenon, which renders the detail dec 
The bone conſiſted of little ſplinters of an 
ox's thigh bone; they were very hard and 
compact, and of various fizes, from a grain. 
of wheat to a bean; they weighed together 
fixty-ſeven grains; I put them into two 
tubes, in which they were rather cloſely. 
crammed. To prevent their falling out of the 
tubes when they began to be diflolved, and 
conſequently to get looſe from each other, I 
put the tubes in a linen bag, a precaution 
ie FE which 


piss FRTAT ION Iv if 
which I had before employed, and continued 
to employ occaſionally in future. In twenty= 


four hours the bones had ſhifted their re- 
ſpective places and rattled in the tubes, a cir- 


cumſtance that fhewed the bulk to be dimi- 
niſhed. They were moiſt with gaſtric li- 
quor, but had none of thoſe gelatinous points 
which I. had ſeen in an experiment both on 
the little owl (CXLEVHT), and the two other 
ſpecies. Theſe points were, as I then re- 
marked, the offeous matter converted into 
jelly or chyme by the gaſtric liquor. But 
what is extrordinary was, that theſe ſplinters 
retained their original hardneſs and rigidity; 
ſo that at firſt fight one would not have ſup- 


poſed, that the fluid of the ſtomach had had 


any effect upon them. However, the con- 


trary was certain; for when the gaſtric li- 
quor was wiped off, they weighed only forty, 
two grains. I now replaced them in the 
tubes, and examined them again after they 
had been two days in the ſtomach. The 


pieces of the ſize of grains of wheat were all 


deſtroyed but two, which were now no larger 


than millet. Three of the ſplinters were at 
firſt as big as beans, but now reduced to the 


ſize of maize. Thoſe of an intermediate 


ſize were diminiſhed in proportion. During 


the whole time they all continued hard. At 
the third examination, after fifty- ſeven hours 


longer continuance in the ſtomach, the three 
large pieces only were left, and they were 


now no larger than millet; When I ſtrucx 


them with an hammer, I found that they re- 
tained their original hardneſs;  , 

The gaſtric liquor therefore of the falcon 
does not, like that of owls and many other 


animals, 


E 
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animals, inſinuate itſelf into the ſubſtance 
of the bone, but acts on the ſurface only, 
The. phænomenon, I think, may be thus ex- 
mr conceive a bone to be compoſed, 
tke wood, or to bring a more familiar in- 
france, like an onion, of a great number of 
ftrata. The ſtrata of the. onion are of con- 
fiderable.. thickneſs, but we muſt imagine, 
that in bone they are exceedingly thin. ae 
gaſtric fluid of owls or other animals will 
rt diflolve the upper ſtratum, but While it 
is doing this it all penetrate and ſoften the 
cantiguous ſtrata, without diſſolving them. 
Hence the tenderneſs of bone that has lain 
in the ſtomachs of; animals. On the con- 
trary, we muſt ſuppoſe, that the gaſtric li- 
quor of the falcon has no power .of ;pene- 


trating the internal ſtrata, but that its action 
is limited to the ſurface. According to this 


ſuppoſition the bone will be digeſted without 
having the .internal parts ſoftened, and.thus 
ftratum after ſtratum will be taken away, juſt 
as. it would Yappen if we had a menſ{truum 
capable of diilolving only the ſuperficial 
layer of an onion without acting upon the 
A : 
CLIX. Before I concluded poſitively that 
the gaſtric juice does not ſoften bone at all, 
I determaned-to obſerve its effects when it is 
at liberty to act without any obſtacle; for it 
is poſſible, that its efficacy might be impair- 
ed by paſſing through the cloth. I there- 


fore took a piece of the fame thigh bone 


from the thickeft part, and worked it into a 


ſphere by the lathe, to prevent the angles 


uyuring the fine coats of the ſtomach; it 
was then given to the falcon. My purpoſe 
| | | „ 
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was to obſerve whether as it was diſſolved it 
was alſo ſoftened. e = 

It continued five days in the ftomach with- 
out becoming in the leaſt tenderer. The ſhort- 
ening of its diameter ſhewed that it was leſſen- 
ed in bulk. Meantime the falcon threw up 
the tphere once or twice a day, according as 
he was ſupplied with food; for, as I have 
obſerved with reſpect to other birds of the 
ſame claſs (CXLVIII), he did not vomit in- 
digeſtible bodies till he had digeſted the other 
contents of the ſtomach. To cauſe indigeſ- 
tible ſubſtances to remain in that cavity af. 


ter digeſtion was over, I gave him freſh food; 


for experience had taught me to judge, when 
that period was approaching, I was fure to at- 
tain my purpoſe; ſince When the crop is full 
of food, the contents of the ſtomach cannot be 
cvacuated through the mouth. By this con- 
trivance the falcon was made to retain the 
globe twenty-two ſucceſſive days. It is 
ſcarce worth while to obſerve, that it was 
not ſoftened, ſince the inability of the gaſ- 
tric fluid to produce this effect has been ſuf- 
ficiently proved before; but the remarkable di- 
minution it underwent deſerves to be noticed. 
The ſphere was at firſt four lines and an Half 
in diameter, and when it had been thirty-HVe 
days and ſeven hours in the ſtomach it mea- 
ſured only a line and about a third; it pre- 
ſerved its form perfectly; the ſame may be 
{aid of its poliſh'; there was not a furrow, 
nor an indentation, nor an aſperity of any 
ſort upon the ſurface. This ſmoothneſs is, 
I think, a clear proof, that the ſtomach of 
this ſpecies has no triturating power, other- 
wile the globe would have ſuſtained fome 
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injury from the friction and impulſes of fd 
many tin tubes as were introduced into the 
ſtomach during its continuance there. 
CLX. Let it not however be imagined, that 
bones of a texture leſs rigid require ſo much 
time to be diſſolved; this was very far from 
being the caſe. My falcon would eat a whole 
pigeon at once, for birds of this kind always 
when they take any large prey fill themſelves 
. and then continue ſeveral days 
without food. My falcon refuſed. the en- 
trails, the tips of the wings, and the beak; 
the reſt he devoured with the utmoſt greedi- 


neſs. But no bone or fleth was ever vomit- 


ed, nor did any thing paſs out at the vent in 
the form of bone or fleſh; the excrements 
now, as well as at other times, conſiſting of a 
ſemifluid matter, partly white and partly 
black. When dry it might be reduced to an 
impalpable powder by rubbing between the 
fingers. This animal therefore digeſted not 
only the fleſh, but the bones of a pigeon, and 
that in the ſhort ſpace of a day; for at the 
expiration of this time it would cat a ſecon 
Pigeon. 
CLXI. While I was examining the man- 


ner in which the falcon digeſts bone, I was 
ſtruck with a thought that had never occurred 
to me during the whole train of the fore- 


going experiments; it was to enquire Whether 
the gaſtric liquor beſides bone is alſo capable 
of digeſting ſome other animal ſubſtances, 


ſuch as the enamel of the teeth, the tougheſt 


tendons, and horn. With this view I en- 
clofed two inciſors from the lower jaw of a 


ſheep in a tube, which the falcon retained 
three days and ſeven hours. Wherever the 


enamel 
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enamel did not extend they were corroded 
and waſted, but the other parts were unin- 


jured, and as brilliant as at firſt. In four 


days and an half longer continuance in the 
ſtomach the fang was nearly diſſolved, but 
the enamel was perfectly ſound. © Phe teeth 
were kept two days more in the ſtomach 
without the tubes, but no further effect was 
produced; Whence it was neceſſary to infer, 


that the gaſtric juice of the falcon is incapa- 


ble of diffolving the enamel of the teeth; a 
circumſtancewhichisnotvery ſurpriſing, fince 
it differs from every other '6ffeous ſubſtance: * 
CLXII. F have elſewhere obſerved, that 
birds of prey, and conſequently falcons 


vomit the feathers of the birds Which they 


cat (LIX) ; it is therefore evident, that the 
gaſtric fluid cannot digeſt them. Phe ſmelt 
emitted by burning feathers ſhews, that they 

proach the nature of horn; it was there= 
fe reaſonable to ſuſpect, that corneous fub- 
ſtances would not be diſſolved in the ſto- 
mach, a ſuſpicion which was verified by tlie 
event. Some pieces of ox s and ſheep's horn 


— 


were as uſual conctaled in fleſſi, and given to 


the falcon. In a few days they were thrown 
up entire and uninjured. T have remarked; 
that the internal coat of the ſtomach in gal- 
linaceous fowls is not tender and yielding, 


as in many. animals, but firm and cartilagi- 


nous (XXXV, XLVII, MIX, L). Hav 
ing frequently obſerved, that when burned 
it exhales an 6dour-very much like feathers 
and horn, I ſuppoſed that it would in like 
manner elude the action of the gaſtric fluid, 
which really happened; and not only in the 
thick coats of turkeys and geeſe, but in the 
'Ver. MM | thin 
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wo ones of pigeons, blackbirds, and quailg; 
When I gave my falcon the whole ſtomach 
of any of theſe fowls, the other coats were 
ſoon digeſted, but the cartilaginous remained 
entire. fried er ahgot, £72 room 
In tendons the reſult was different; for 
my experiment I choſe an ox's tendo achillis, 
one of the moſt tenacious tendons that is to 
be found in animal bodies. It was hung to 
dry in ſummer for ſeveral weeks, and thus 
became ſo hard, that a keen knife would 
hardly cut it. However, the gaſtric liquor 
of the falcon diſſolved it both when it was 
encloſed in tubes, and looſe in the ſtomach. 
CLXIII. Moſt ſhoes have the upper lea- 
ther of calf-ſkin, and the ſole of ox's hide. 
Both theſe ſubſtances are very readily digeſt- 
ed by carnivorous animals when freſh : this 
at leaſt is the caſe with the. falcon; but the 
contrary happens when they have been tan- 
ned. Another fact has warned me how-cau- 
tious we ought to be in forming general rules 
in phyſics. Who would not have concluded 
from the laſt experiment, that every other 
kind of leather is alſo indigeſtible? Vet the 
reverſe happened in ſheep-ſkin dreſſed, and 
dyed yellow. Some liſts of it were encloſed 
in tubes, and completely digeſted in ſeven 
hours. ' BFF MEET 121 
. CLEXIV. As I had found the gaſtric fluid 
of other carnivorous: animals incapable. of 
digeſting vegetable matters, it was more than 
probable, that the ſame. thing would take 
place in the falcon. I however thought, 
that it would be proper to aſcertain this point 
by experiment, it for no other reaſon, yet on 
account of the recent inſtance of the uncer- 
8 tainty 
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tunty of analogical arguments (CXLIIT); 
At the ſame time I was defitous of deter- 
mining whether digeſtion is the effect of the 
gaſtric liquor ſolely, as it ſeemed more than 
probable. The falcon could very well take 
fix tubes at a time: four were filled with 
various vegetable ſubſtances, ſuch as crumb 
of bread, chick-peaſe, flices of pears and 


apples; in the fifth and fixth were encloſed 


mutton and beef. Upon theſe ſubſtances 
the effects of the gaſtric fluid were ex- 
actly the reverſe. The fleſh was totally diſ- 
ſolved: in twenty-ſeven hours, but the vege- 


tables had undergone, no alteration; | Two 
freſh tubes,. containing in the middle a bit 


of fleſh, and at the fides maſticated bread 
and boiled peaſe and chick-peaſe, decided the 
queſtion ſtill more clearly. The vegetables 


were undiminiſhed, but the fleſh, which was 


ſurrounded by them, was entirely deſtroyed. 
Thus the incapability of the gaſtric juice to 
diſſolve vegetables, and its efficacy on fleſh, 
were fully proved. 
_ CLXV. By means of little ſpunges I pro- 
cured this fluid ſometimes when the ſto- 
mach was empty, and at others when it con- 


tained ſome remains of the food, in which 


caſe it was always turbid and full of hete- 


rogeneous matters, of a cineritious yellow }. 
colour, and had not much fluidity. When 


the ſtomach was empty it was ſufficiently 
clear, without any extraneous ſubſtance, had 
an intermediate colour between yellow and 
white, was very fluid, and had a faltiſh and 


bitter taſte. With this I attempted experi- 
ments on digeſtion out of the body, hike 


thoſe I have before mentioned in ſeveral paſ- 
555 M 2 ſages. 
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food is only diſpoſed to be diſſolved more 


ſages. The reſult was not different. I ob. 


tained the ſolution of various kinds of fleſh 
by renewing the liquor from time to time, 
and by applying a heat of thirty deg. the 
common temperature of theſe animals. With 
theſe precautions I moreover cauſed near] 

f beef 


the half of a ogy of a bone o 
0 


weighing forty- four grains, to be diſſolved. 
CLXVI. Having made theſe experiments, 
in my opinion the molt intereſting the ſub- 
ject admits, my next buſineſs. was to exa- 
mine the ſtomach and eſophagus. How- 
ever, three hours before I killed my falcon, 
I fed him, in order to ſee what effect is pro- 
duced upon the food in the craw. It wasin 
part in this cavity, and part had deſcended 
into the ſtomach, where, it had Degun to. be 
decompoſed. It was immerſed in the gaſtrie 
fluid, and this incipient digeſtion had the 
fame. appearance as it has out of the body, 
The fleſh in the craw, even that which was 
upon the point of pafling into the ſtomach, 
was only a httle diſcoloured; this circum- 
ſtance thews that digeſtion is performed only 
in the latter cavity, and that in the craw the 


readily. 


_ CLXVH. When a ligature is made below 
the pylorus, and air blown in at the top 
of the œſophagus, this part of the alimen- 
tary canal reſembles a large inteſtine about 


five inches long; a little more than half way 
down the eſophagus is dilated and forms the 


eraw, though we ſhall find, that it has this 


name improperly, if we compare it with. the 
eraws of gallinaceous fowls, be ag. at 
the fide of the cefophagus, or rather without 

Shs : it; 
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it: whereas in the falcon the era is a con- 


tinuation of that cavity. If We invert ant 
again inflate the ſophagus, and then exa- 
mine it in a ſtrong light, or with the miero- 
ſcope, we can N an immenſe number of 
glands from the beginning to the fleſhy faſ- 
cia, not excepting the craw. If we blow in 
freſh air, and obſerve it again with the glaſs, 
we ſhall ſee the glands, which are of an ob- 
long ſhape, and project a little above the plane 
of the eſophagus, each emit a drop of liquid; 
this Free is. fo viſcid, that one of theſe 
drops may be drawn out into a filament an 
inch or more long; it is inſipid to the taſte. 
The moſt conſiderable part of the œſopha- 
gus, is full of theſe glands, and is entirely 
membranous ; it only becomes muſcular. at 
the commencement of the faſcia, which in 
the falcon, as well as other birds, ſeems to 
conſiſt only of numberleſs follicular glands, 
and is above an inch in breadth. Theſe fol- 
licles are cylindrical, and are all connected 
by a fine membrane; they have one of their 
extremities implanted in the external, and 
the other in the nervous coat of the ſtomach: 
through the latter, the excretory ducts open 
and diſcharge the ſame kind of whitith and 
viſcid matter that has ſeveral times been de- 
ſcribed as belonging to birds that have ſimilar 
follicles... Theſe glands and follicles abun- 
dantly ſupply the ſtomach with fluid; and 
though it is ſometimes deſtitute of glandu- 
lar bodies, yet a liquor continually poured 
into the cavity by 1 arteries, forms an 
addition to that which comes from the œſo- 
phagus, as is evident from the moiſture Which 
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appears. upon the ſides when they have been 
wiped dry ſeveral times. 
ö ELXVIII. The eagle on which my ex 


-riments have been made, belongs to the ſpe. 
cies called by Mr. Buffon the common eagle 


-becauſe it is found upon moſt of the higl 
mountains of Europe; it was known to 
Ariſtotle, by whom it is called M:iaauzeros, or 
the black eagle. Hence it has received 
the denomination of Falco Melanpetus from 


Linnæus, who refers, with whatever pro- 


. the eagle and falcon to one family. 
Though ſome naturaliſts reckon two ſpecies 
of the common eagle, the brown and the 
black, I ſhould incline with Buffon and Aril- 
totle to ſuppoſe, that there is only one. The 
difference in colour may depend on the diffe- 
rence of age; for we often ſee animals of 
different ages belonging to the ſame ſpecies 


differ in colour. At the time I was in poſ⸗ 


ſeſſion of my eagle I had an opportunity of 
ſeeing five others, four dead and prepared, 
and one living, in the poſſeſſion of the counts 
Caſtiglioni of Milan, two noblemen equally 
remarkable for politeneſs of manners and ſkill 
in natural philoſophy. Theſe animals Wl 
varied from each other in colour, ſome being 
of a black more or leſs deep, and others of 
a darker or Bon: brown; yet they agreed in 


were all nearly of the ſame ſize, ſomewhat 
exceeding that of a turkey-cock, their legs 
and feet were covered with feathers, the nails 


were black, the feet yellow, the bill blueith, 
and the baſe was covered with a bright yel- 
low cere: ſuch are the characters which, ac- 
. LE cCording 


aracters of the ſpecies. They 
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cording to the French naturaliſt, the brown 
has in common with the black eagle. 
CLXIX. The ordinary food of my eagle 
conſiſted of live cats and dogs, when I could 
rocure them. It eafily killed dogs much 
Ergen than itſelf. When I forced one of theſe 
animals into the apartment where I kept the 
eagle, it immediately ruffled the feathers on 
the head and neck, caſt a dreadful look at the 
dog, and taking a ſhort flight, immediately 
alighted on his back. It held the neck firm 
with one foot, by which the dog was pre- 


vented from turning his head to bite; and 
with the other graſped one of the flanks, at 


the ſame time driving the talons into: the 
body; and in this attitude it continued, till 
the dog expired, in the midſt of fruitleſs 
outcries and efforts. The beak had been 
hitherto unemployed, but it was now uſed for 
making a ſmall hole in the ſkin, which was 
gradually enlarged ; from this the bird be- 
gan to tear away and devour the fleſh, and 
went on till it was ſatisfied. I muſt not 
omit obſerving, that it never ate any ſkin, or 
inteſtine, or bone, except very ſmall ones, 
ſuch as the ribs of cats and ſmall dogs. 
Notwithſtanding this ferocity, and violent 
impetuoſity in attacking animals, it never 
gave any moleſtation to man. I, who was 
the feeder, could ſafely enter the apartment 
where the bird was kept, without any means 
of confining its movements, and beheld theſe 
aſſaults without dread or apprehenfion : nor 
was the eagle at all hindered from attacking 
the living prey I offered it, or rendered thy 
by my preſence. As it was not always in my 

M4 power, 


on the groun 
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power, or at leaſt in my will, to give it liv. 
ing food (for I had not always dogs and cats 


at hand; and gallinaceous fowls, which are 


qually acceptable, were too expenſive) I ſub- 
ſtituted fleſh which, though it was not ſo well 
reliſhed, Was not difagreeable. In general, 


When it had fleſh at will, it only made one meal 


a day. I found, by weighing what it ate, 
that thirty ounces of fleth ſerved it one day 
with one another. This ſpecies of eagle is 
provided with a very large craw, which of 
courſe is the firſt receptacle of the food; and 
when it was at. liberty to eat its fill, this viſ- 
cus was generally diſtended to a larger ſize 
than that of a turkey-cock full of grain. It 
gradually contracts in proportion as the fleſh 
paſles into the ſtomach, juſt as it happens in 
gallinaceous fowls. - 


CLXX. Some of the firſt times I obſerved. 


4 p 


my eagle eat, I was ſtruck by a phznome- 
non, which conſtantly recurred whenever it 
took food. After it had ſwallowed a few 
mouthfuls, a thin ſtream began to flow from 


each noſtril, and to run down the upper ſide 
of the beak; at the end they joined, and 


formed a large drop, which ſometimes fell 

„but generally paſſed into the 
mouth, and was mixed with the food. This 
drop was 3 renewed by freſh ſup- 
plies from the noſtrils, as long as the animal 


continued to feed, and after that it ceaſed to 
appear. This liquor was of a ſky- blue co- 
lour, had a ſalt taſte, and was nearly as fluid 
as water. But why does it flow only while 
the eagle is feeding? and what is its uſe? 
It flows at that particular time only, I ſup- 

| : RN poſe, 
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pole, becauſe the receptacle in which it is 
contained is then only comprefled ; and the 
preſſure ariſes from the motion of the mouth, 


or the impulſe of the food againit the pa- 
late, near which this receptacle lies. Of the 


uſe of this \ * I candidly own my total 
ignorance. I ſuſpect, however, that as it is 
mixed with the food, it ſerves, like the ſa- 
liva, to moiſten it, and facilitate digeſtion. - 
CLXXI. It is commonly thought, and the 
opinion has the ſanction of the beſt natura- 
liſts, that birds of prey, and eſpecially eagles, 
never drink. What I have obſerved is, that 
the ſpecies mentioned in the preſent diflerta- 
tion, were left even for ſeveral months with- 
out water ; they did not ſeem to ſuffer the 
ſmalleſt inconvenience from the want of it; 
but when they were ſupplied with water, 
they not only get into the veſſel, and ſprinkle 
their feathers like other birds, -but repeated- 
ly dip their beak, then raiſe their head, in 
ths manner of common fowls, and ſwallow 


what they have taken up; hence it is evident 


that they drink. For the eagle it was neceſ- 
fary to ſet the water in a large veſſel, other- 
wiſe, by its attempts to drink, the veſſel was 
{ure to be overturned, | 
_ CLXXII. To collect into one point of 
view every thing relative to digeſtion, let us 
examine another opinion, more immediately 
connected with our ſubject. It is ſaid by 
ſeveral celebrated naturaliſts and phyſiolo- 
gifts, that the eagle, when unable to pro- 
cure fleſh, will feed upon bread. To aſcer- 
tain this point, I — various experiments. 
[ firſt ſet before the bird both fleſh and wheat- 
en bread ; and finding that it ran towards the 

6 9 | fleſh, 
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| Meſh, without even caſting a look upon the 
bread, I ſet only the latter before it, and this 
after a day's faſt, when it muſt have been 
preſſed by hunger; I did not however attain 
the end I had in view, and therefore kept it 
faſting for another day, but ſtill to no pur- 
poſe. When the bread was ſet near it, it 
would juſt look at it, and then turn its eyes 
towards ſome other object. When I had 
rolonged the faſt to the fourth day, the 
bird ran towards me, as I opened the door of 
the apartment, but with no other view than 
5 for food; I offered it a piece of bread, 
but in vain, for, without even touching it, 
it returned to the place where it ſtood before 
my coming in. I might have carried the 
trial ſtill further, but was afraid of the ani- 
mal ſinking under it. * 
_ CEXXHUT. I therefore abandoned this mode 
of experiment, and thought it would be bet- 
ter to make the eagle ſwallow ſome' bread; 
for it would either be. always thrown up, 
and then it would be reaſonable to infer, 
that this was an unſuitable kind of food; or 
in caſe it ſhould neither be vomited, nor 
voided unaltered along with the excrements, 
and the animal ſhould ſhew no ſymptoms of 
uneaſineſs, we muſt conclude that it is di- 
geſted and aſſimilated. I concealed the bread 
in ſome fleſh, as I had done in my experi- 
ments upon the falcon (CLVII), and had re- 
courſe to the ſame expedient, whenever I was 
defirous that my eagle ſhould take tubes or 
other ſubſtances. For though this ferocious 
bird was exceedingly gentle towards me, who 
was his feeder, yet itmight have been hazard- 
oys to irritate it; and that would have been 
unavoid- 
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unavoidable, if I had opened the beak, and 
thruſt bread down the throat by force. The 
firſt portion of bread which the eagle ſwal- 
lowed concealed by fleſh, amounted to half 
an ounce.  Indigeſtible bodies, ſuch as fea- 
thers, uſed to be thrown up eighteen, twen- . 
ty, or, at moſt, twenty-four hours after they 
were received into the ſtomach. But the 
bread was not vomited in that period, or a 
day longer; nor did the excrements appear to 
be altered or mixed with bread. - I then gave 
the animal a whole ounce, inſtead of half an 
ounce of bread, none of which was vomited 
or voided unchanged at the vent. The ſame 
thing took place, when the quantity of bread 
was increaſed to {ix ounces. My laſt expe- 
riment upon bread, was to ſubſtitute the 
cruſt inſtead of the crumb ; but the refult 
was juſt the ſame'; and, notwithſtanding the 
eagle had ſhewn fo little appetite for this 
kind of food, its health did not appear to 
ſuffer. And I was obliged to conclude, that 
this ſpecies of vegetable is digeſted, and con- 
verted into real nutriment, as well as animal 
matters. I could not therefore refuſe to ac- 
cede to the opinion of thoſe, who affirm that 
eagles, when much preſſed by hunger, will 
feed upon bread, though mine would not 
tonengng 58-4 | 1 > 
CLXXIV. But in what manner is bread 
digeſted in the ſtomach of the eagle? Is it by 
the gaſtric juices alone, or aſſiſted by tritu- 
ration? Is any ſuch action exerted by it? 
In ſhort, what is the immediate cauſe of di- 
geſtion? Theſe queſtions are too cloſely 
connected with the object of my enquiry, to 
be paſſed over unnoticed, To begin then 


with _ 
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b with the firſt. Tubes employed in my uſual 
| manner, would determine the mode of dis 
geſtion. And in the preſent caſe, I obſerved 
What I had before obſerved in ſo many other 
animals, that trituration had no part in this 
function, and that it was the ſole effect of 
the gaſtric juices. While the eagle retained 
the tubes, a ſpace that never uſed to exceed 
ſtmenty- four hours (CEXXIII), the bread 


which they contained was eee diſ- 
folved. If they happened to remain longer 


in the ſtomach, the gaſtric fluid had cor» | 
roded the bread, and given it a yellowiſh 
colour and a bitteriſh taſte. Where the ac- 
tion of that fluid had been chiefly exerted; 
the bread was changed into a gelatinous paſte; 
which had nothing of its original taſte. 
CEXXV. But the tubes ſhewed, that the 
gaſtric liquor of the eagle diſſolves not only 
bread but cheeſe, at leaſt that fort which in 
Auſtrian Lombardy goes under the name of 
formagg1o piacentino or lodigiano. This power, 
poſſeſſed by a bird properly carnivorous, of di- 
geſting a ſubſtance ſo different from fleſh, in- 
duced me to try whether it is capable of pro- 
ducing the ſame effect on other matters, and 
particularly vegetables. But with reſpe& to 
the latter, I did not find that the efficacy of 
the ric fluid extended any further than 
bread; for ſeveral ſeeds of the cerealia, both 
raw and boiled, did not appear to undergo any 
alteration in the tubes, ' or when looſe in the 
ftomach. It is ſomewhat ſurpriſing, that this 
ſhould be the caſe with wheat, when wheaten 
bread is ſo perfectly digeſted. We tee at 
leaſt, that vegetables muſt be pe: 
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fore they can be digeſted by the eagle, as well 
- as by gallinaceous 5 Ly. 6 7 
The fou experiments, and the con- 
curring obſervations of others (CLXXII), 
ſhew, that ſome animals, ſuppoſed to be 
ſtrictly carnivorous becauſe they live always 
upon fleſh, and are provided with the moſt 
formidable weapons for ſeizing and deſtroy- 
ing their prey, may yet, under certain cir- 
cumſtances, change their diſpoſition and 
manners, and become frugivorous. Thus 
we read of animals naturally herbivorous, as 
horſes, theep, oxen, gradually quitting their 
uſual aliment, and learning to live upon 
fleſh (a). I too can produce a recent inftance 
in a young wood-pigeon, a ſpecies of bird 
whach is univerſally known to feed upon any 
thing rather than fleſh. By dint of hunger 
brought it gradually to reliſh fleſh fo 
well, that it refuſed every other kind of ſuſ- 
tenance, even grain, of which it is naturally 
ſo greedy. Such changes, whether effected 
by deſign or accident, will not excite the 
ſmalleſt degree of ſurprize in thoſe: who 
know, that of the various kinds of food 
uſed by man and animals, the gelatinous part 
ſupplies the nutriment, and that this exiſts 
alike in vegetables and animals (5). The 
example of the eagle among carnivorous, 
and of the horſe, ox, pigeon among frugi- 
vorous animals, do not however warrant us to 
conclude, that the'former can be univerſally 
converted by art or chance into the latter, 
and reciprocally ; for, on the other hand, we 
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have Reaumur's kite (CXVI) and my owls 
and falcon (CEXVI, CLVI, CLXIV), which 


were "incapable of digeſting vegetable ſub- 
ances (a); not that theſe ſubſtances are 


unfit for affording them nouriſhment, but 
becauſe the gaſtric liquor is incapable of de- 
compoſing them, and extracting the nutriti- 
Ons r l —5 
wa 
queſtion, whether the ſtomach of the eagle 
triturates its contents? I think I have abun- 
dant proof, that it poſſeſſes no ſuch power. 
Not to mention the numerous tin tubes that 
remained ſo long in it without receiving the 
lighteſt injury, I can fafely affirm, that'T 


(a) Mr. Batigne, in his critical reflections on the ex- 
periments of Reaumur pretends, that we are are not to 


conclude; becauſe vegetables undergo no Pang in the 
ſtomach of the kite, that the gaſtric liquor 

upon them. He ſuppoſes, that its inefficacy aroſe from 
the vegetables not having been previouſly maſticated. 


as no ation 


Premiere 8 far les Experiences de M. de Reaumur. 

But in this Mr. Batigne is miſtaken. After I had 
compleated my diſſertations on digeſtion, I procured a 
kite of the ſame ſpecies as that of Mr. Reaumur, and 


had it therefore in my power to repeat and vary his expe- 


rĩments. I conſtantly found, that bread, grain, &c, were 
thrown up unaltered, both when encloſed in tubes and 
looſe in the ſtomach, though they had been previouſly 
well maſticated. This fact agrees with my obſervation 
on the falcon, of which the 2 liquor could not digeſt 
maſticated crumb of bread. I will add, that an owl, fed 
with chewed bread alone, died upon the fourth day; and 
upon diſſection, the bread was found in its ſtomach un- 
digeſted. It is therefore evident, that the incapability of 
the gaſtric liquor of ſome animals to digeſt vegetables 
does not ariſe from the want of previous trituration or 
maſtication, and that this fluid is eſſentially unfit for diſ- 


ſolving ſuch ſubſtances. - 
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could never perceive the ſmalleſt contuſion 
upon the grain (which I gave the bird naked. 
in order to try whether it could digeſt it) 
(CLXXV), whether raw or boiled; in Which 


caſe, the ſmalleſt compreſſion or impulſe would 


have left evident marks upon the ſurface... 
Theſe facts are confirmed by the following 
obſervation : I took ſome ſtrips, about a line 
in breadth and three inches in length, of ex- 
ceedingly thin ſheet lead, and 9 them 
up in the form of a ſpiral, introduced them 
in ſome pieces of fleſh into the ſtomach of 
the eagle, in which they continued eighteen 
hours. The leaſt force would have ſufficed 
to have deſtroyed the ſhape of theſe ſtrips, 
and being totally inelaſtic, they would pre- 
ſerve whatever alteration or diſtortion they 
might receive from preſſure or percuſſion. 
However, when thrown up they retained. 
their ſpiral form; a clear proof that they had 
not been ſubjected to violence of any kind. 
Let it not however be ſuppoſed, that I 
mean to exclude motion entirely from the 
ſtomach of the eagle. Having frequently 
found foreign ſubſtances within the tubes, 
and fixed in the perforations, I could not but 
ſuppoſe, that they had been driven into them 
by ſome force, and this force could be no 
other than the agitation of the ſtomach, 
which was either extrinſical, and produced by 
the adjacent viſcera, or the periſtaltic move- 
ment by which the food is expelled through 
the pylorus. I only aſſert, that the ſto- 
mach of the eagle has no action capable of 
breaking and triturating the aliment, as I 
think I have abundantly proved. It 1s like- 
wiſe clearly aſcertained, that the gaſtric fluid 
145 | 18 
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is the efficient cauſe of digeſtion by the ex- 


periments made with bread and cheeſe en- 
cloſed in tubes (CEXXV) ; but this will be 


more ſatisfactorily ſhewn by the experiments 


relative to the digeſtion of animal ſubſtances, 


which I ata now'to relate. :- 2725 9 
CLXXVII. The firſt thing I wiſhed to 
know was what changes fleſh undergoes 
in the craw, and I had therefore to contrive 
4 method of getting it back at pleaſure. Had 


this bird been of the fame gentle and peace- | 


ful diſpoſition as gallinaceous fowls, this 
would eafily have been effected; for I ſhould 
have had only to preſs the portion of fleſh 
that lay higheſt in the craw upwards with 
my thumb and fore-finger, and by a con- 
tinuance' of this manœuvre ſhould” have 


brought it out at the mouth. By this fim- 


ple contrivance I have often examined grain 
from the craw of fowls, pigeons, and ſuch 
birds; but the ſtrength and ferociouſneſs of 


the eagle altered the caſe totally. After 


much reflection, I thought of an artifice efſen- 
tially the ſame as that adopted for gallinace- 


ous birds. I gave my eagle only three or 


four pieces of fleſh, of which the laſt was 
tied in the ſhape of a croſs with a fine pack- 
thread three or four feet long. The eagle, 

reſſed by hunger, devoured the fleſh greedi- 
|: without regarding the ſtring, of which 


the greater part hung out of the mouth; nor 
did the bird make any efforts to {ſwallow or 


throw it up. When I thought it time to 
examine the piece of fleſh I pulled the ſtring 
forcibly, and the eagle, without growing en- 


raged, opened its beak and allowed me more 


room for recovering the ſtring, and by-con- 
" ſequence 
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ſequence the fleſh, that was faſtened to it. 
Sometimes I uſed conſiderablè force, but did 
not ſucceed, probably on account of the fleth 


being got too low down in the craw; in this 


caſe, to free the eagle from the inconvenience, 
cut the ſtring cloſe to the beak, and gave 
it ſome fleſh, which carried down. the pack- 
thread before it: into the ſtomach, whence. it 
was thrown up in a ſhort time; but I have 
more fre E in drawing up the 
fleſh, and thus obtained an opportunity of 
examining it at leiſure. I never could find, 
that the craw or ĩts Juices. are capable of di- 
geſtion. Its weight was nearly the fame af- 
ter it was drawn up as before it was ſwallow- 
ed, nor did it ſeem. as if it was upon the point 
of being. digeſted ; the ſurface was only a 
little tenderer, and had loſt its redneſs; it 
was.imbibed with a fluid that was neither falt 
nor bitter, but quite inſipid. Fleſh therefore 
is not digeſted, it is only macerated in the craw 
of the eagle, as grain and graſs in the craw 
of gallinaceous fowls. Wy 8 
CLXXVIIE We muſt therefore conclude, 
that the whole proceſs of digeſtion begins 
and ends in the 8 5 If then it was of 
conſequence to know what happens to fleſh 
in the craw, it is of much greater impor- 
tance to obſerve how it 1s altered in the ſto- 
mach. But as the expedient to get the fleſh 


back, mentioned in the laſt paragraph, would 
not be of any ſervice, I contrived ano- 


ther, which anſwered wonderfully well. I 
encloſed . the Heſh I gaye my eagle in little 
nets with. ſmall meſhes, which were gene- 


conſiderable remains of, fleſh. The pieces 
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uſed for theſe experiments were globular, MW + 
and the remains almoſt always retained that p 
figure. They were thoroughly impregnated 0 
with gaſtric liquor, and had both a bitter 0 
and falt taſte. The ſurface was gelatinous . c 
hen this was removed, the fibres were cally g 
dliſtinguiſhable, but were as tender as if they n 
had been boiled, and the colour was changed WM d 
to a reddiſh blue. When this ſtratum of 0 
tender fibres was taken off with a ſharp knife, tr 
that below was firmer and lefs difcoloured, T 
and at the center the fleſh did not appear to te 
have undergone any change either in its con: bi 
fiſtence or colour. It is needleſs to obſerve ce 
that theſe experir Ne, that the gaſtric W h 
fluid diffolves fleſh. The permanency of the ju 
globular form clearly ſhews, that trituration W mn 
does not take place, but the whole effect, to : 
repeat it once more, is produced by the gaſ- th 
tric liquor, which acts rk the ſurface, and ec 
diffolves one ſtratum after another till the fle 
whole is conſumed, as we have ſeen the ſame MW ſa 
liquor of other animals act as well upon fleſh en 
as other ſubſtances (LXV, CI). . 
CLXXIX. This laſt experiment rendeted ea 
it ſuperfluous to try, whether the gaſtric fluid W u; 
of the eagle will diſſolve fleſh enclofed itn te. 
tubes. Taking this for granted, I proceed- WM co 
ed to ehquire, whether digeſtion would be re- fo 
tarded in proportion to the toughneſs of the M m 
fleſh with which they were filled. With MW on 
this view ſome of the liver, of the muſcular W U 
fleſh of the thigh and heart, a bit of the MW th 
braih, and a piece of tendon were encloſec WW (C 
in fo many diltine tubes. They continued it 
thirteen hours in the ſtomach; and the gaſ- tir 
tric fluid acted upon them Juſt as I had 5 th 
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gined it would. The tube containing the 
piece of brain was quite empty; of the liver 
only a very fmall part remained; the reſiduum 
of the muſcular fleſh of the thigh was more 
conſiderable; that of the heart was ftill 
greater; but of the tendon there remained 
moſt of all. "Theſe remains of fleſh and ten- 
don had the fame appearances as F had 
obſerved in the balls of fleſh that were in- 
troduced into the ſtomach without tubes. 
The gelatinous matter on the ſurface, the 
tenderneſs of the fibres lying immediately 
below, and the conſiſtence of thoſe at the 
center clearly ſhewed, that the gaſtrie juices 
had acted upon the fleſh encloſed in tubes 
juſt as upon what was left looſe in the fto- 
mach (CLXX VIII). $31 106 NE OD 

. CLXXX: My next with was to know whe- 
ther its activity would be impaired or deſtroy- 
ed by paſſing through linen before it got to the. 
fleſh. With this view; two pieces of the 
fame tendon and heart, equal in fize to thoſe 

employed in the ian, + experiment, were 

put into two linen bags, and given to the 
eagle; in eighteen hours they were thrown 
up. At firſt the ſides of the bags were diſ- 
tended by their contents, but now that which 
contained the fleſh was a good deal collapſed; 
for half of it was diffolved : the other had 
more of its original diſtenſion; for not above 
one = third of the tendon was conſumed. 
Upon comparing together the diminution of 
the ſubſtances in the bags and in the tubes 
(CEXXEX), I found, that in the former caſe 
it was lefs, notwithſtanding the bags con- 
tinued eighteen hours, and the tubes only 
thirteen. It is W 2 evident, that the 
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linen is a greater obſtacle to the action of tie 


gaſtric liquor than the tube. 
_ CEXXXI. From my experiments upon 
crows (LXVII) it was obvious to confec- 


ture, that as more folds of linen were wrap. 


ped round the animal ſubſtances, the action of 


the gaſtric liquor would be ſtill leſs conſi- 


derable. - I therefore gave the eagle fix bags, 
containing each an equal portion of beef; 
the firſt was fingle, the ſecond double, and 
fo on. The bird retained them twenty-three 
hours, when they were all vomited at once, 
as uſually happened to tubes and other indi- 
geſtible matters, which when ſmall are 
thrown up all at once, and when large one 
immediately after another. The two firſt 
bags were empty, and the remainder of fleſh 
in the four others were larger as the folds 
were more numerous, ſo that in the fixth it 
was the largeſt of all. It had however under- 
. ſome diminution, and the gaſtric. fluid 

ad therefore begun to diſſolve it, notwith- 


ſtanding the fix folds, as appeared from its 


being impregnated with it, and from the 


tenderneſs of the fibres, and the change of 


colour on the ſurface. My next wiſh was to 
try whether the juices of the ſtomach were 
capable of penetrating through a denſer ſub- 
ſtance; I. therefore ſubſtituted cloth in the 
ſtead of linen, and having. put fixty-eight 

rains of beef in the bag, tied ſome? pack- 
thread very tight round the neck. In four- 
teen hours it was vomited, and being appa- 
rently of the ſame ſize as at firſt, it was re- 
turned immediately into the ſtomach, where 


it continued twenty-two. hours longer. I 


now. found that the cloth, notwithſtanding 
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its cloſe texture and great thickneſs, which 
amounted to four-fifths of a line; was tho- 


roughly penetrated by the gaſtrie liquor. The 


feſh was alſo moiſt with it, and appeared, 
upon being weighed, to have loſt twenty— - 
ſeven grains. Twenty-ſeven grains had then 
been diflolved, and as no veſtige of them 


was to be ſeen in the inſide of the bag, it 


was evident that they muſt have paſſed out 
through the pores 2 the cloth, and conſe- 
quently that the gaſtric fluid is capable of 
reducing fleſh to particles of the utmoſt te- 
nuity. e . 
CLXXXII. I have before obſerved, that 
the eagle devours the ſmaller bones of dogs 
and cats along with the fleſh (CLIX). When 


| 1 gave that in my poſſeſſion a bird, it would 


o ſwallow all the bones, except thoſe of 
the extremities; and as they were not thrown 
up, there was good reaſon for believing that 
they were digeſted, a circumſtance. that ex- 
actly agrees with my obſervations. on falcons 
and various other birds (XC VIII, CXLVII, 
CLIV, CLVIII). But greater certainty was 
deſireable, and this I endeavoured. to attain in 
the following manner: two pieces of the rib 
of a ſmall dog, each about two. inches long, 
were tied together, and. two thigh bones of 
a cock; this packet was retained; twenty- 
three hours; but the bones were very muc 
altered during that time. The two pieces of 
rib were reduced to the thinneſs of a mem 


brane; the leaſt violence was ſufficient to 


break them; they were totally inelaſtic, and 
had loſt all their marrow. The two thigh 
bones now reſembled tubes of parchment; 
they were eaſily n ble, and when left 


\ 
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to themſelves reco ered their ſhape, and mY 
ter e bent they would become ſtrait 
* s VU 9 one af the — ous waſted 
and altered there was a very fingular a K 
ance; about one-fifth Was fill Gu 2 * 
tender, * Iding to the touch, and much at- 
tenuated. It is therefore apparent, that che 
lices of the ſtomach are capable of diſſolving 
ne, and that in a ſhort ſpace. I was unwil- 
ling to throw afide theſe bones thus reduced 
almoſt to nothing, and therefore tying them 
up in a bundle I gave them again to the 
eagle, in order to ſee whether they would be 
entirely diſſolved, or, like a caput mortuum, 
retain their membranous appearance ; but 
being apprehenſive that this could not be ſo 
well aſcertained if they were naked in che 
ſtomach, I encloſed them in a tube. It was 
tetained thirteen hours, and upon examins- 
tion was entirely empty; it was therefore 
reaſonable to infer, that the gaſtric fluid had 
now completed the ſolution. - 
CLXXXIII. The readineſs - with which 
PRs bones, of a texture by no means ten- 
der, were digeſted, led me to ſuppoſe, that 
the hardeſt 8 211 not reſiſt the action of the 
5 by giv liquor. Lo determine this, I bez 
iving the eagle a ſphere of bone wor 
e lathe out of an ox's thigh bone, of the 
1e diameter as that which had been uſed 
r the falcon, and taken from the ſame in- 
. (CLIX). Upon that occaſion T ob- 
ſerved, that the falcon did not diſſolve it 
during the long ſpace of thirty - five days an 
even hours. In the preſent caſe it was e 
day vomited, and immediately returned, an 


in twenty-five days and nine hours it was 


n completely 
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completely aries. The eagle is then ca- 
able not on] of digeſting the hardeſt hones, 
but of 2 ing th them in a Works ſpace than 
ſome other birds of Prey. In the account of 
my experiments on the falcon 1 remarked 
two things, firſt, that its diameter decreaſed 
without any change of ſhape; Seapdlys that 
the texture was not ſoftened during the 
whole time CLIX). The firſt phænome- 
non occured on this occaſion, the ſphere 
not only maintained its figure, but continued 
as ſmooth' as when it came from the lathe. 
But with reſpect to the ſecond circumſtance, 
there was a wide difference; for notwith- 
ſtanding the hardneſs of the bone, the ſur- 
face was ſo. ſoft every time it was thrown up, 
that it was eaſy to pare off ew a a 17 
which were as pliant as car 7 5 
tric fluid then of the eagle, beſides hene 
the ſuperficial ſtrata, penetrated into the ſub- 
ſtance of the bone and ſoftened it; an cſiect 
which that of the falcon is incapable of 
ducing. Penetrating, however, as it is, 15 


has no action on the enamel of the teeth, any. | 


more than that of the falcon (CLX). 8 

CLXXXIV. We have ba how much 
more ſpeedily the gaſtric. fluid the cagle 
digeſts bone " that of the 5 5 4 
ſame obſervation. may alſo he extend 
fleſh. The former bird required 5 e 
a x day 3 the latter ex 10 55 | 

twelve, 


etumes with te 
tric 110 uor wg" the one then Ae 
equal {pace of time, three times as . J. a8 
that of the other, and copicguently, the ra- 
pidity of digeſtion. in one is triple of that in 
me other, I ſhould erer upon mature 
4 reflection, 
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 admifible, as we ſhall 


3 


reflection, be e to conſider this greater 
rapidity as apparent, rather than real. The 
eagle indeed digeſts three times as much fleſh. 


as the falcon in the fame time, but then the 
5 Juice of the former is far more copious 


han that of the latter; and if we ſuppoſe it to 
be three times as much, a ſuppoſition very 

ſoon ſee, every third 
part will diffolve a quantity of fleſh equal to 
that diſſolved by the whole gaſtric fluid of 
the falcon. The ſame remark is applicable 
to other animals. With how ſmall a quan- 


tity of fleſh is the little owl fatisfied in com- 


ariſon. with the eagle, and conſequently 
bor inconſiderable is the ſolution effected by 
the gaſtric liquor; but then how trifling 
does the quantity of that liquor appear when 
we confider that of the eagle! The ſame: re- 
flection will recur when "we compare a lamb 
with an ox, or a hare with a horſe. But with 
reſpect to the caſe in queſtion, I could not 
deviſe any more effectual means of determin- 
ing whether the greater effect produced by 
the juices of the eagle aroſe from the greater 
abundance ſolely, or in part alfo from its ſu- 
Jerior efficacy, than to give each of | theſe 
Hieds a ſmall quantity of fleſh at the fame 


* 


by the other, and then the fame efficacy muſt 
be aſcribed to both; or elſe the eagle would 
digeſt it mote ſpeedily than the falcon, in 
which caſe the ſmall quantity of fleſh would 
not allow us to ſuppoſe,” that the fluid of the 
falcon could not ſo ſoon diffolve it on ac-' 


| N and obſerve what would be the event. 


would either be digeſted by one as ſoon as 


count of its being in ſmaller. quantity, and 


we muſt therefore conclude; that it is leſs 
OI nn tr” » 
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capable of - digeſting fleſh than that of the 
eagle. This experiment I have often re- 
beated, not only upon the falcon and eagle, 
but upon the two ſpecies of owls alſo, and 
crows, and the reſult has been, that ſome- 
times one and ſometimes another of theſe 
birds has digeſted the ſmall portion of fleſh 
ſooneſt; nor did the eagle at all diſtinguiſh 
itſelf above the reſt. As the difference of 
time was very inconfiderable, it may be over 
looked, and we may ſafely ſuppoſe, that the 
digeſtive power of the gaſtric fluid is nearly 
equal in theſe ſeveral ſpecies, and conſequently 
that the eagle has no pre-eminence above the 
reſt. It may however be objected, that with 
reſpect to bone, at leaſt, the prerogative of 
digeſtion belongs to the eagle in preference 
to the falcon, which takes above thirty- five 
days to diſſolve the ſame ſphere which the 
eagle diſſolves in leſs than twenty-ſix (CLIX, 
CLXXXIII). I can adopt this opinion 
without much reluctance, ſince there is no 
inconſiſtency in ſuppoſing, that two menſtrua 
may agree in the effects they produce upon 
one body, but differ with reſpect to another; 
nay, this idea is confirmed by the facility 
with which the gaſtric fluid of the eagle pe- 
netrates into and ſoftens bone, a quality which 
that of the falcon does not poſſeſs in the 
ſmalleſt degree (CLXXXIII, EI. IX). = 
CLXXXV. Let us now proceed to ſhew - 


the great abundance of gaſtric fluid in the _ 


cagle in compariſon with ſmaller birds, ſuch 
as the falcon, the owl, &c. To procure this 
fluid I was not obliged, as in other animals 
LXXXI), to uſe ſmall ſpunges. The eagle 
upplied me ſpontaneouſſy. Very ſoon after 

= POE it 


i was in my poſſeſſion I was aware, that along 


where it took 


ters out of the body. It has even produced 
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with the tubes a quantity of gaſtric fluid was 


thrown up, ſo that the floor was often quite 


wet with it, It was eaſy to deviſe a method 


of catching it before it fell on the ground; 


for the eagle _ moved from the place 

food, and therefore generally 
yomited the tubes on the ſame ſpot. Upon 
— obey Co 2 veſſel, 1 Was 
nabled to collect a large quantity of liquor, 
which generally exceeded three-fourths of 
an ounce a day on thoſe days when the vo- 
miting took place, a quantity which I could 
not even hope to procure from all the above- 


mentioned birds of prey taken together. 


What I obtained in this manner was extreme 


| * well ſuited to my purpoſe, not being a- 
u 


Iterated with heterogeneous matters; for 


it was always thrown _ when the ſtomach 


_—_ 


Was er Pts as 1 knew by the avidity which 
the animal] ſhewed for freſh food at this time. 
Its ſmell, which I cannot deſcribe, is not 
difagreeable, but very much reſembles that 


emitted by the gaſtric liquor of other birds 


of prey. If we except the colour, which in 
others is yellow, but in the eagle cineri- 


tious, it exhibited the ſame qualities, whe- 


ther we conſider the bitter and ſalt taſte, the 
turbid appearance, which is almoſt inſepara- 
ble from the one as well as the other, its 


' Anidity, which nearly approaches that of wa- 


want of inflammability. > 
CLXAXXVI. The gaſtric juice of the 


ter, its diſpoſition to evaporate, or the total 


eagle, as well as that of other animals, is ca- 


pable of digeſting animal and vegetable mat - 


an 


an incipient ſolution of bone, and an almoſt 


complete one of cartilage; but the experi- 
ments were made in a confiderable heat; for 
otherwiſe little or no ſolution took place, and 
the gaſtric juices of the eagle now only 
prevented theſe ſubſtances from becoming 


- 


putind, ©. MM 2 | 
Upon this fluid I made two experiments, 


to which I had not ſubjected that of other 
animals. On a very cold day in winter Iex- 
poſed a ſmall quantity in a glaſs, on a win- 
dow, along with two other glaſſes contain- 
ing water, in one of which was diſſolved a 
quantity of common ſalt ſufficient to give it 
a ſtronger taſte than the gaſtric fſuid had. 


The thermometer {ſet beſide the glaſſes ſtood 


at 5 deg. below o (a). Of the three liquors 
the firſt that was frozen was che common 
water, the next was the ſalt water, and the 
laſt was the gaſtric fluid. When T-carried 
them into my apartment, where the tempe- 
rature was three and an half deg. above o, 
the firſt that thawed was the gaſtric fluid, 
next the brine, and laſtly the water. It muſt 
therefore be ſuppoſed, ths 

is capable of reſiſting cold more than com- 
mon water. As this cannot be attributed to 
its ſaline principle alone (otherwiſe it would 
have been ſooner frozen than the brine), it 
is neceſſary to admit ſome other principle ca- 
pable of retarding-congelation, whether ſpi- 
rituous or oily, or of whatever other nature; 
and the cloſe analogy ſuhſiſting between the 


gaſtric liquor of the eagle and other animals 


(e) Twenty and three-fourths, Fahren. 
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renders it highly probable, that a like princi- 


ple sxiſts alſo in them. 15 
My ſecond experiment was the following: 
having learned from Mr. Levret (a), that 
the juices of the ſtomach have the power 
"of diſſolving the inflammatory cruſt of the 
blood, I procured ſome of it from a pleuritie 
patient, and immerſed it in a phial of the 
gaſtric fluid of the eagle. The event com- 
pletely anſwered my expectation ; for in to 
days and a half, in a temperature of 15 deg, 
the cruſt was entirely diſſolved, and convert 
ed into a liquid of a dark hue : this can oc- 
cafion no ſurprize; for if the gaſtric fluid 
can diſſolve animal ſubſtances of a far harder 
texture, ſuch as muſcle, cartilage, bone, out 
of the body, it will much more eaſily pro- 
duce the ſame effect upon the inflammatory 
cruſt of the blood. — 11 „ 6008 
CLXXXVII. Here the death of the eagle; 
which happened ſomewhat more than five 
months after it had been in my poſſeſſion, 
put a ſtop to my experiments. T however. 
reſolved to examine the parts that are ſituated 
internally, the only enquiry relative to di- 
geſtion, that could now be made. During 
the diſſection I found, that this individual 
was a female; for there were many eggs, 
ſome ſmaller and ſome bigger, attached to 
the ovaria. It was conſequently much larger 
and ſtronger than the male of the ſame ſpe- 
cies; for it 1s a"conitant obſervation, that the 
male in birds of prey is about a third ſmaller 
and weaker than the female; whereas, in 


(la) Art d' Accoucher. 


other 
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Other claſſes, the male exceeds the female in 
both theſe reſpects (a). The inteſtinal canal 
was full of the uſual folds and convolutions; 
when ſtretched: out at full length, it was 
about fifty-nine inches long from the begin- 
ning of the duodenum to the end of the 
rectum. There is a double pancreas, and 
each portion is perfectly diſtinct and ſeparate; 
bas ſame obſervation has been made upon 
other animals. Both theſe glands are of a 
bluiſh fleſh- colour, of an oblong ſhape, and 
ſmaller towards the end. There is a differ - 
ence in the ſize, one being an inch and an 


half in length, whereas the other is only _ 


an inch and three lines. They lie parallel, 
are ſituated about five inches from the pylo- 
rus, and ſtretched along beſide the duode- 
num, one on each ſide, and are attached by 
cellular ſubſtance. At about fix inches diſ- 
tance from the pylorus an apparent cord, 
tinged internally with a dark azure- colour, 
lies upon the duodenum. If we trace it 
backwards, we find it gradually enlarged, 
and at laſt inſerted in the gall- bladder, Which, 
in ſhape and ſize, reſembles a Wwood-pigeon's 
egg. From what has been before obſerved 
(LXXXIV, CXV), it is eaſy to gueſs the ule 
of this cord; it is the duct through which 
the bile paſſes from the bladder into the duo- 
denum. If the gall- bladder be preſſed gently 
the cord becomes immediately tinged with a 
deeper azure, and the liquor runs into the 
duodenum: if we open that gut, the upper 
part is found tinged with a greeniſn azure 
(a) Buffon. I. c. L. 1. 


bile. 


Saks, -- 
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pile. Upon wiping it away; the entrance of 
the duct becomes viſible, and freſh bile runs 
into the duodenum,when the preſſure is re- 
newed. The gall- bladder lies towards the 
1 right lobe of the liver, but is not covered by 
il = The bile is rather denſe, and has a ſtrong, 
1 bitter taſte. LE WW CO LOT TT 55 
1 C LXXXVIII. When I inſpected the ſto: 
| mach I was aſtoniſhed at its ſmall ſize, when 
compared with the crop. The latter cavity 
| is capable of containing thirty-eight ounces 
I of water, whereas the ſtomach can ſcarce 
= hold three. We muſt therefore fuppole; 
that the great quantity of fleſh devoured by 
this voracious bird paſſes ſlowly from the 
craw to the ſtomach; in proportion as it is 
digeſted and expelled into the inteſtines: 
Hence it is eaſy to > pry how a ſingle 
meal may ſerve ſeveral days; for a large "we 
will be equivalent to ſeveral ſmaller ones: 1 
cannot. give a better idea of the ſhape of the 
ftomach, than by comparing it to a man's leg 
and foot. At the point of the toes lies the. 
pylorus, the foot reſembles the bottom of 
the ſtomach, and the leg the upper part. The 
fieſhy faſcia full of follicular glands, which 
in other birds, whether granivorous or car- 
nivorous, 1s fituated juſt above the ſtomach; 
in the eagle is contained within its cavity; 
and makes up the ſuperior and larger halt: 
N 3 coat of this faſcia is ſo _ _ 
icate, t it tears upon being flightly 
rubbed with a cloth. W e come next to the 
nervous coat full of an infinite number of 


pores, out of which, when preſſure is made; 

Iſſues a viſcid, cineritious, and inſipid liquor: 
Upon removing this coat theſe pores appear 
=o 5 t 


OY 


parent liquor oozes out on ſlight preſſure, as 
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to be the excretory ducts of the follicles; of 
which one extremity adheres to this, and the 
other to the muſcular coat; next the laſt 
mentioned lies the external coat, which ap- 
pears to be membranous. The glands are 
cylindrical, a line and one- fourth long; they 
are tied together by a number of membran- 
ous filaments. This ſhort deſcription ſhews 
the entire reſemblance between faſcia of 
the eagle and other birds. The four coats 
paſs on to the inferior part of the ftomach, 
and extend to the pyloris. The muſcalar 
coat ſeemed to merit a diſtinct examination, 
It conſiſts of two ſtrata: That which lies 
next the nervous coat is formed by fleſhy faſ- 
ciculi, of a lively red colour, running in a 
longitudinal direction. The other is of a 
paler red colour, and the fibres interſect thoſe 
of the other coat at right angles, and of 
courſe run tranſverſely, Notwithſtanding 
their nearneſs they are perfectly ſeparate from 
each other, like the rings of certain worms, 
particularly of the earth-worm, which they 
moreover reſemble in their bluiſh fleſh-co- 
lour. Theſe two thin ſtrata doubtleſs cauſe 
the various motions of the ſtomach, of which 
the effects have appeared in ſome of the ex- 
periments related above. This coat is one- 
fourth of a line in thickneſs; upon the faſ- 
cia it is thinner, and I could only find the 
tranſverſe ſtratum ; whence it ſeems probable, 
that the motion of the ſtomach chiefly takes 
for in the lower part, which has no, at 
aſt no apparent, glands; but as a thin tranſ- 


in the ſtomach of birds belonging to the _ 
claſs (XCIHI, CLI, CEXVH), we muſt 
3 conclude, 


W DISSERTATION 1, 
conclude, that it abounds in ſmall;arteries; 


| which perform the office of glands: - /. 
| CLXXXIX. The death of my eagle haps 
pened a few hours after it had taken food, 
| 5 nor could I diſcover the cauſe. - Moſt of the 
| fleſh was in the eraw, and a little only. had 


1 deſcended into the ſtomach. It lay at the 
bottom near the pylorus, but ſhewed no ap- 

35 pearance of being: digeſted, whether on ac- 
count of the morbid condition of the ani= 

mal, or becauſe it had but juſt fallen into 
| the ſtomach; It was ſoftened by the gaſtric 
Juices, that taſted very bitter, which, as well 
as its yellow hne, was owing to the regurgt 
tation of the bile into the ſtomach, and theſe 
qualities were more apparent in the. vicinity 
of the pylorus. The fleſh in the erop was 
not altered in conſiſtence or colour, except 
that which lay in contact with the ſides; this 
Was a little diſcoloured and ſomewhat ten- 
derer than at firſt, circumſtances. that ac- 
cord with what was ſaid. at the cloſe of the 
R paragon: frogs: cont 
Upon emptying, inſerting, and then inflat- 
ing the craw, the ſurface was covered with a 
multitude of ſmall drops, which, when unit- 
ed by ſome flat body paſſing over them, form- 
ed a fluid as tranſparent and thin as water; it 
ſeemed to have a bitterith favour. Upon in- 
ſpecting the pa whence the drops aroſe, 
they ſeemed 10 many points, which the mi- 
croſcope ſhewed to be minute pores. Hence 
it appeared, that every part of the crop a- 
bounds with theſe perforations, which I had 
no hefitation in ſuppoſing to be the excre- 
tory ducts of a multitude of glands lying be- 

tween the coats, as I had alſo found in the 
. | craws 
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DISSERTATION i 107 
craws of other birds (XLIX, L, CLXVII). 


In ſearch of them I diſſected away the inter- 
nal coat, which, in thickneſs and ſtrength, 
reſembles the nervous coat of the ſtomach, 
of which perhaps it is a continuation. But 


neither in the ſubſtance, or between it and 


the muſcular coat, did I find any appearance 
like glands. All that I could perceive, when 
T held the internal coat againſt the light, was 
the pores already mentioned, that looked 
like lucid points. Nor did the muſcular or 


the external coats, which laſt is membranous, 


contain any glandular body. I was there- 
fore obliged to conclude, that the fluid 00z- 
ing out in the form of numberleſs drops 
upon the internal ſurface of the craw is ſe- 


creted, not by glands, but by arteries too 


ſmall to be conſpicuous. The reſt of the 
ce{ophagus is alſo full of theſe pores, and the 
ſame fluid iſſues out from them; no ſmall 
part of which muſt run into the cavity of 
the ſtomach, and contribute to the formation 
of the gaſtric menſtruum, which 1s com- 
poſed 45 f 
mach, of the bile, and the pancreatic juice. 
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this and the proper fluid of the ſto- 
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THE SUBJECT OF DIGESTION IN ANIMALS 

' WITH MEMBRANOUS STOMACHS con- 
CLUDED. THE CAT. THE DOG. MAN, 
WHETHER DIGESTION TAKES PLACE 
AFTER DEATH. | 1 
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CXC. FF HE great difficulty with which 
3 cats are forced to ſwallow tubes, 
and the =Y with which they vomit them, 
hindered me from making experiments upon 
this irritable animal in the manner I could 
have withed. Among, however, a vaſt number 
of unſucceſsful trials I have- once or twice 
ſucceeded, and thus have been enabled to il- 
luſtrate one chief object of my enquiries, I 
mean the efficient cauſe of digeſtion. I have 


uſed every effort to oblige this animal to th 
fwallow bread and fleſh, their ordinary food, ty 
encloſed in tubes, and in two individuals, one W 
an adult, and the other a young one, have pe 
forced them into the ſtomach. Both were fre 
killed, one after having retained tubes filled ſe⸗ 

with po 
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with fleſh nine, and the other with bread five 
hours.. The former were found near the py- 
lorus. The outſide was wet with ic 


juice, the grating at the ends was entire, as 


alſo were the tubes, upon which there did 
not appear any bruiſe or other injury. TWO 
of the tubes were empty, the third contained 


a bit of the ſize of a lentil- ſeed macerated in 


the gaſtric fluid. The center preſerved the 
colour, conſiſtence, and taſte of fleſn; the 
ſurface was changed into a greyiſh jelly of a 
bitteriſh taſte. OAT ER OE 
The tubes containing bread having re- 
mained only fiye hours in the ſtomach, were 
not empty. It had been chewed bereit 
was put into the tubes, by Which it Was 
moulded into the ſhape of cylinders ſix Iines 
and three-fourths long. . Theſe cylinders 
were not completely diſſolved, a portion a- 
bout four lines long remaining towards the 
middle of the tube, which was externally 
gelatinous, but internally retained the cha- 
racters of bread. This experiment then fur- 
niſhes an irrefragable proof, that the gaſtric 
fluid, as well in the cat as in other animals 
with membranous and intermediate ſtomachs, 
is the efficient. cauſe of digeſtion indepen- 
dently of any triturating po-w-wer. 
CXCT. If. the ſtomach be inverted and 
then inflated, it will be covered with humidi- 
ty, though care ſhould. have been taken to 
wipe it dry. This humidity will appear re- 
peatedly after the ſtomach has been freed 
from it, a phænomenon common, as we have 
ſeen, to various other animals. It is not 
pofſible to diſcover the pores from which 
this fluid iffues by the aid of a microſcope, 
os | O 2 | nor 
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nor can any glandular bodies be perceived in 
dme coats, or the intervals between them; il | 
| a but when the ſtomach is held againſt the | 
= light, and examined with a glaſs of great 
Z ä magnitying power, a number of bright flat 
meſhes 'or > 4 appear through the coats, 


=. I could not however determine the nature of 
| them, not Ina I conſidered the dif- 

ferent parts of the ſtomach with ſome at- 
B 3 3 
_.CXCII. My ſucceſs with dogs was much 

greater than with cats. I could make them 

take more tubes without being liable to the 

inconvenience of having them vomited. I 

could not however force them down the c 

phagus, for this operation was attended with 

the ſame danger as in the falcon and eagle; 

whenever I attempted it, the animal uſed all 

its efforts to bite me. But as they would 

{ſwallow them ſpontaneouſly, like thoſe birds, 

I had only to conceal them in pieces of fleſh, 

and throw them upon the floor of the place 

where the victim of my curioſity was kept. 

As I always took care he ſhould be hungry, 

| he generally ran towards the fleſh, and Wal- 

"TS towed it eagerly without maſtication ; where- 

as, the cat would keep it in the mouth, and 

after chewing it for ſome time, throw out 

the tubes generally compreſſed by the action 

of the teeth, and ſwallow the fleſh only. 

I repeated the experiment that ſucceeded 
with the two cats (CXC) upon a dog; the 
animal took fix tubes, four full of various 
kinds of animal ſubſtances, as coagulated 
blood, lights, muſcle, and cartilage; the two 
others contained chewed crumb of bread. 
In fifteen hours the dog was killed, a= 5 

| Omac 
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ſtomach examined; it contained only four 
tubes; the other two had not been voided, 
and I ſuppoſed they muſt have paſſed on to 
the inteſtines, where I found them among 
the excrementitious matter at the beginning 
of the rectum. Before I deſcribe the ap- 
pearances in the tubes, let me fay a few 
words of the juices with which the ſtomach 
abounded. As it contained nothing but the 


tubes, we may conſider them as pure. They 


were of a yellow colour, very bitter, almoſt © 
without fmell, not ſo fluid as water, and to- 
tally deſtitute of inflammability. Theſe © 
Juices, evidently conſiſt of two ſubſtances, 
one very thin, the other viſcid and gelatinous, 
appeared from a depoſition of the latter af- 
ter ſtanding a few hours. If the veſſel was 
ſet near the fire the clear part evaporated, 
and left a cruſt which was formed by the 
gelatinous matter. 1 51 
The two tubes that had paſſed out of the 
ſtomach were empty, if we except ſome ex- 
crementitious matter that had got in through 
the meſhes of the grating. Of the other 


| four three were empty, nor could I diſtin- 


uiſh which had contained bread and which 
eſh. The tough and compact cartilage 
alone filled part of the tube in which it had 


been put, but as far as I could judge by my 


eye, it was half waſted. It exhibited the ' 


ſame appearances as on a former occaſion ; it 


was imbibed with gaſtric fluid, and had ac- 
uired the ſame taſte, at leaſt on the ſurface. 
© was ſo ſoft, that it ſeemed to approach 
more to the nature of membrane than car- 


e CXCII. 
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CXCIII. The. reſult of this experiment 


does not coincide: with an obſeryation in te 


Frælectiones Academica of the illuſtt tous! 
Boerhaave, commented upon by Haller. The 
patlage-is ſo important, that I muſt quote it 
as it ſtands in the original. Receptum e 
in hominum opinione quod oſſa animalibus 
ſubigantur; cum Helmontianis olim ſenſit 
Boerhaavius ; ut vero certior eſſet, curam ad? 
Hibuit, ut obſervaret, quid cibis fieret in 
ventriculis animalium valde cibos' coquen- 


tium, & experimento cognovit non ſubigi 


Dedit cani devoranda inteſtina animalium, 
famelicus erat, affatim deglutiit, ſubegit mi- 
nime & per extremum inteſtinum pendula 


miſere poſt ſe traxit. Dedit famelico cant, 


oſſa butyro inuncta, reddidit furfura, neque 
. diſſolvit niſi quod in aqua diſſolvi 
Pateſt. Dedit carnes, reddidit fibras carnig 
exſuccas. Dedit ligamenta, ea poſt tridium 
nihil mutata egeſſit. 779325: 0 

J reſerve till hereafter what I have to ſay 
on the famous problem concerning the dis" 
geſtion of bone by dogs, and now confine!” 
myſelf to that part of the experiment that 
relates to the inteſtine, fleth, and ligament. 
I muſt candidly on, that the different re- 
ſults obtained by Boerhaave and myſelf ſur. 
prized me. My ſurprize increaſed when 1 
conhidered, that the ſubſtances were looſe in 
the ſtomach of his dog, and of courſe more 
liable to be attacked and diflolved by the 
gaſtric liquor; whereas, the tubes muſt more” 
or. leſs impede its acceſs. Upon further re- 
flection it occurred to me, that perhaps the 
dog was affected by ſome internal malady, 
which might alter the properties of the gal- 
tric fluid, as in the owl mentioned in the 

: fourth 
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fourth diflertation, of which the gaſtric fluid 
was rendered unfit for digeſtion. by too long 


faſting (CLII). This reflection however 
was not quite ſatisfactory, and therefore. to 
clear up the matter, I thought it would be 
better to repeat Boerhaave's experiment, and, 
give a dog fome inteſtine, in order to fee what : 
changes it would undergo. in the ahmentary... 
canal. A middle ſized dog accordingly. 
eat four pieces of the colon and ileum ae 
ſheep,, and at the Tame time took,two'tubes,. 
containing each a portion of the ſame inteſ- 
tines. The tubes Were voided before the 
time IJ had fixed for killing the animal, for 
both were found among the excrements 
within about eleven hours after they were 
ſwallowed. When the tubes were waſhed : . 
clean, I found that the pieces of inteſtine. - 
were about half digeſted. The ſolvent hav- 
ing acted upon both ſurfaces had reduced 
their thickneſs conſiderably, but What was 
left ſtill retained its original ſtructure. 1 
then waſhed the excrements, and diſcovered 
ſeveral pieces of inteſtine, Waſted indeed, as 
well as thoſe contained in the tubes, yet eaſi- 
ly diffihgutſhable, Eo od RG 
CXCTV. This experiment does not exactly. 
coincide with that of Boerhaave; it is not 
however totally repugnäant to it, ſinge the 
pieces of inteſtine were not completely di- 
lolved. My long acquaintance. Wich the eie 
cumſtances attendin e gave riſe to ag 
conjecture, which I feſolted to ſubmit to 


- 


theſe pieces of , inteſtine, faid . to m ſelf, 
was not complete in the ſhort ſpace of 95 4 
hours (CX); but may it not be ſo in a 


. O 4 longer 
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longer time? Is not the quantity of ſolution 
in ſome meaſure proportional to the quantity 
of time? Does not this appear from unde 
niable facts related in the foregoing: diſſer- 


tations? _ | 


In order to verify my conjecture 1 had only ; 
to contrive a method to prevent the inteſtine. 
from paſling ſo ſoon through the pylorus; 


and this, I conceived, might be done by en- 


larging the tubes beyond their uſual ſize... I 
got the laſt-mentioned dog to take three ſuch 


tubes filled with as many pieces of the large 
inteſtine of a ſheep, as amounted to half an 


ounce and four penny-weights. The tubes 


were concealed in pieces of the ſame inte(- 


tine. The dog, which as uſual, was Rune 
| 


at the time of the experiment and was ſh 


kept faſting, voided ſome excrement in twen=- 
ty-one hours, and upon minutely examming 
it, I thought I had ſome foundation for be- 
heving, that my conjecture was not fallaci- - 

185 though ſome membranous and fi- 
brous fragments appeared among it, Which 
could be nothing but pieces of the inteſtine 
in which the tubes were concealed, yet the 


ous; 


ment (CX CIII), on account of their longer 


continuance in the body. As the proceſs of 
digeſtion is leſs rapid in the tubes than in the 
open ſtomach, I let the dog live twenty hours 
longer, at the end of which the three tubes 
had remained forty-one hours in the ſto- 
mach. They all three lay cloſe together at 
the inferior orifice of the ſtomach, 1 

cli-- 


ood the animal had ſwallowed before the 


— in ſome bits of rag, which in all li 


experiment; 


were much more wafted, and much leſs eaſily 
diſtinguiſhable than in the former experi- 
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were immerſed in gaſtric fluid. I make no 
mention of this juice, having found it to po 
ſeſs the e deſcribed in the CXCIId 


paragraph. The reader is more intereſted in 
nowing what happened to the * inteſtines ' 


DS SE R TAN M og 
experiment, and both the tubes and rags 


contained in the tubes. Nothing could have 
ſucceeded better than this experiment: two 
of the tubes were empty, and what remain- 
ed in the third did not amount to eleven 


grains; and thus I had the ſatisfaction of 


. 


finding, as I had conjectured, that the in- 
complete  digeſtzon of pieces of - inteſtine 


ſometimes obſerved in dogs, is no proof of 

the inability of the gaſtric fluid to diflolve © 
them; it only ſhews, that they have not been 
long enough ſubjected: to its action. Hence 

the reaſon of Boerhaave's miſtake appears 
evident. Perceiving ſome inteſtine which he 
had given to a dog hanging out behind, he 
concluded that the animal could not digeſt 
ſuch ſubſtances. (CXCIII); whereas from 
the facts juſt adduced it is obvious, that they - 
had only not continued in the ſtomach a far. . 


ficient length of time. 


CXCV. Theſe facts alſo ſhew, that fleſh © 
in the ſtomach of the dog loſes its fibrous 
ſtructure, which It retains only when it hap- 

ns to be yoided ſoon after it has been ſwal- 
owed. But it might be objected by a rigid 
— of Bperhaave, that I have not ſtrict- 

proved, that the ſolution extends to the 
bres; for they may have been gradually ſe- 
the common mals, and paſſing 

out at the pores, and eſpecially through the 
meſhes of the lattice-work,. have left the cc. 


parated from 


vity of the tube empty; I therefare thou 
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it would be proper to throw further light upon 


the ſubjeck by a deciſive experiment If 
pieces of fleſh were incloſed in purſes of very 
thick linen, they would either be diſſetved 
and leave no veſtige behind them,  a& by 
other animals in like circumſtances” (LXVII 
CLXXX, CLXXXI); and in this caſe we: 
muſt infer, that dogs are capable of diſſolyv e 
ing fleſh completely, or: elſe the fibres Would 


remain in the purſes, and then we ſhould be 


obliged to nene „that the 
digeſtion of: eſh by dogs conſiſts in expreſ. 7 
fing the 1 957 and converting them into 
chyme, while the ſolid parts remained un- 
altered. But along with the fleth I ſubjected 
harder and more tenacious animal ſubſtances,” 
ſuch as tendon and ligament, to the teſt of 
experiment. Six bags of very thick linen 
were given to two dogs; four contained four 
different ſorts of fleſh,” viz. beef, veal; h6rſes 
fleſh, and mutton; and the two others ten- 
don and ligament of an ox. Each bag eon 
tained a quarter of an ounce; and it is to be 
obſerved, that the contents were not cut into 
{mall pieces. Being apprehenfive leſt theſe 
bags, though of ſome bulk, would paſs 
through the pylorus before the time for Xx, 
amining them, tied to each a bit of dry 


ſpunge. They continued four days in the! 


two dogs; but fearing leſt 


ſo long a faſt might be hurtful to the ani. 
mals, and of courſe diſturbi the proceſs of 


digeſtion, I fed them ſeveral times, though 
rather ſparingly! At: the expiration of the 
time juſt mentioned, I killed and immedi- 
ceeded juſt as I could have withed ö 


11 
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Suſpecting that they might have been torn 
by the ein en dnaks. I: took particular 
care to examine, but they Were Whole, ang 
upon, being cut open the four firſt Were as 
empty as if they had never contained any. 
fleſh, but of the tendon and ligament there 
remained about the ſize of a hazle-nut ; there 
was no hole. in either of the bags; The ten- 
don appeared, upon being weighed, to have 
loſt three-fourths, and the ligament above one 
half, I examined with particular attention, 
whether this diminution, of bulk and weight 
aroſe from the expreſſion of the juices, — ; 
the contrary was evident; for they were as 
pulpy and moiſt as at firſt. Hence I had 
every reaſon for concluding, that the gaſtric... 
fluid had really attacked and diſſolved the 
ſolid parts, ſo as to enable them to paſs througg 
the pores of the linen. The ſame thing had 
happened to the fleſh, . The ſolution wass 
ſtill further confirmed, by the condition of | 
the external ſtrata of the tendon. and liga- 
ment, which were become ſo tender as to be | 
torn by the ſlighteſt violence. I was thus | ft 


fully convinced Of tae ee 
fluid of the dog in diflolying the fibres bet 


procelſs is leſs rapid in the latter on account. 
of their greater tenacity and harſhneſs, That 
Boerhaave's dog ſhould void the ligaments 
unchanged On the third da ( poſt triduum 
nihil mutata egeſit, EXCH), if by this ex- 
ture of ligament, and it ſeems incapable of: 

retation, I have not the ſmal- if 


ſcruple in believing, having ſeen the 
i at | ſame | 
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fame thing in a ligament that had been four 
days in the ſtomach of a dog. It had indeed 
undergone a conſiderable diminution, a cir- 
cumſtance which the celebrated Dutch phy- 
fician would alſo have obſerved if, inſtead of 
judging by his eye, he had taken the pre- 


. 


caution of weighing it before it was ſwal⸗ 
lowed, and after it had been voided. _ 
CXCVI, We now come to conſider whe- 
ther dogs are capable of digeſting bone; - 
| h y rely upon the 
obſeryations of ſeveral celebrated phyſiolo- 
giſts and phyſicians, would appear to be de- 
cided in the negative. We have already ſeen ' 
that Boerhaave's dog, after having eaten bones 
dipped in butter, produced no other change 
upon them than fimple water would have 
done (CX CID. © This he alfo endeavours to + 
confirm by the following remark : ** Deinde 
in ſtercore canino, quod Album Græcum vo- 
cant, fragmenta oſſium pene non mutata re- 
periuntur, & fit mera oſſium raſura, quæ 
dentibus canis adrofit, exfuccorum & in unam 
maſſam reducorum.” It appears from ſome 


problem which, if we ma 


notes on this paſſage and his great. work (a), 


that his illuſtrious diſciple, Albert Haller, 
adopted the fame opinion. Dr. Pozzi alſo 

aſſerts in his work quoted above (XIII, that 
dogs do not digeſt bone. Of the two expe- 
riments which he relates, the following ap- 
s the moſt concluſive. He gave a dog 
three bones 


that had been faſting five days 


WS 


— 


which, though dry, the animal ſwallowed 


for the ſake of the butter with which they 
were anointed; One of the bones weighed 
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three ounces, another two, and the third 


one. In three days they were voided, and 


had only loſt ſix grains. 5 

Such are the moſt powerful arguments ad- 
duced by phyſiologiſts againſt the vulgar opi- 
nion. This opinion however found in Reau- 
mur an able advocate, one who eminently 
poſſeſſed the difficult art of making experi- 
ments with ſucceſs. Of the ſeveral produc- 
tions by which he has fignalized himſelf, 
none have contributed more to his reputation, 
than the two beautiful memoirs on digeſtion, 
which I have ſo often quoted with applauſe. 
To illuſtrate the preſent curious and intereſt- 
ing ſubje& he made the following experi- 
ment (a). Two compact cylindrical bones, 
each ſeven lines long and two in diameter, 
were given to a ſmall bigch, which was killed 
in twenty- ſix hours. The bones that were 
{till in the ſtomach were diminiſhed in bulk, 
and it appeared to him that ſeveral laminæ 
were taken away. They had moreover ac- 


quired the flexibility of horn, though they 
were at firſt rigid and inelaſtic, Hence he 


infers, that they had been in part diſſolved 
by the gaſtric fluid. | 


CXCVII. After having thus noticed the 


experiments of others, let me relate my own. 
In the ſtomach and inteſtines of the dog, 
mentioned in the CXCIHId paragraph, I found 
ſeveral pieces of bone. They ſeemed to be- 
long to ſome quadruped, probably a ſheep, 


and muſt have been eaten before the dog came 


into my poſſeſſion. I did not weigh them, 


but as far as I could judge by inſpection, 
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ey amounted to above fix ounces. Upon 


ning and then examining them attentive- 
ly, I perceived certain ſcars and longitudinal 


furrows, of which I doubted whether they 


: 
F 


were produced by the gaſtric liquor or'the 


teeth of the dog; beſides, many of the angles 


and edges were evidently blunted, at the fight 
.of which the idea of NO PR to the 


hardeſt, bodies in a muſcular. ſtomach re- 


curred. I moreover obſerved; that theſe 


places were not fo hard as the thicker parts 
of the bone. But theſe phznomena only 


ſuggeſted doubts, which I reſolved to diffi- . 
pate by the light of experiment. To obtain 


this, I filled tubes with pieces of bone, and 
gave them to a dog. The bones were of va- 
rious kinds and degr 


in a bag of linen, in order to prevent the bits 
of bone from getting out. To allow the 
gaſtric juices a proper time- for* producing 
their effects, the dog was ſuffered to live for 


ſeven days, and during this time was fed 


moderately. One of the tubes, though they 
were rather large, had paſſed into the cœcum, 
and was ſurrounded by feculent matter; the 
other remained in the ſtomach. They were 
neither of them empty, but their contents, 


which at firſt weighed three-fourths of an 


ounce and eighteen grains, now amounted 
only to four penny-weights and ſeven grains. 
All the angles and edges were deſtroyed. The 
ſofteſt bones had ſuffered moſt. They could 


now be eaſily cut in the thin places with a 


knife. The thinneſt parts of the bone were 
diſſolved and had paſſed through the bag, not 


ees of hardneſs: the 
tubes, which were two in number, were put 


a veſtige of them remaining. This experi- 
8 | 1 ment 
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ment proves two propoſitions, viz. that the 
digeſtive powers of the dog act upon bone as 
well as fleſh; though the latter, on account 
of its ſoftneſs, is more ſpeedily diffolved, 
and that the gaſtric juices are the'ſole efſi- 
cient cauſe of digeſtion. - 1 1,07 
CXCVIII. This experiment was repeated 
three times, and the reſult was eſſentially the 
ſame; but there occurred two circumſtances 
that deſerve to be noticed. One of the dogs 
roduced- only, a ſmall diminution” of the 
bn in eight days, though it was fed plen- 
tifully, and ſeemed to be in perfect health 
the whole time. This thews, that little or 
no effect being produced upon the bone, 
which ſometimes happens, as in the'caſes/al- 
ledged by Boerhaave and Pozzi (CX OV, 
is no proof of the inefficacꝝ of the gaſtrie fluid 
of this animal; it only thews, that the di- 
geſtive powers are unequal; nor ought this 
to excite our ſurprize, as the ſame thing is 
obſervable in our on ſpecie. 
The other be circumſtanee, to 
which I alluded, is the reverſe of the pre- 
ceding. Among the bones given to one of 
the dogs, were two dentes inciſores from 
the upper jaw of a ſheep. It has been aE 
ready ohſerved, that the enamel of the teeth 
receives no injury from the gaſtric fluids 
that are capable of diffolving the hardeſt 
bones, fuch as thoſe of the eagle and falcon 
(CLXI, CXXXIH) ; yet the gaſtric fluid of 
the dog in queſtion, damaged this denſe ſub- 
ſtance. I have now before me the two teeth; 
which I keep as a curioſity. The enamel of 
one is corroded. in two, and of the other in 
three places; the five cavities are * 
85 1 ong, 
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long, and penetrate to the nucleus of the 
bone. The roots of the teeth were almoſt 
entirely deſtroyed. The powerful menſtruum 
of the ſtomach, had made greater havock 
among the other bones that were encloſed 


along with the teeth; the excavations being 


wrought in a tenderer ſubſtance were more 
conſiderable. - Upon comparing this phæno- 
menon with the furfows mentioned in the 


XCuIIth paragraph, I have no doubt 
but they were occaſioned by the gaſtric ſol- 
vent. It deſerves to be remarked, that in the 


caſe where the enamel of the teeth was de- 
ſtroyed, the linen bag had not ſuſtained the 


ſmalleſt injury, though the ſolvent neceſſa- 


rily paſſed through it: nor is this to be,won- 
dered at; for we have inſtances of many gaſ- 
tric fluids that are capable of decompoſin 


the moſt compact animal ſubſtances, though 


they do not produce any effect on the ſofteſt 
vegetable matters (CXLVI, CLVI). This 
is alſo true of chemical menſtrua; the nitrous 
acid diſſolves the hardeſt calcareous ſtones, 


but leaves the moſt friable gypſum and clay 
_ untouched. - KB _ 


CXCIX. Though my experiments on dogs 


deciſively prove, that digeſtion is the effect 
of the gaſtric fluid alone; yet it was proper 


to enquire, whether the ſides of the ſtomach ' 


have any motion during digeſtion, and what 
that motion is? There were two ways of 


making this enquiry; mediately, that is, by 


che effects; and immediately, that is, by 
opening the abdomen and inſpecting the 


ſtomac 


With reſpect to the firſt mode, though I was 
certain that the ſtomach of the dog had no 
- | conſiderable 
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| confideruble/imotitn; Seu wa 
tubes nor the bags had ſuſtained any injury; 


yet in order to ſee whether it has any motion 
at all, I gave a dog ſome thin tubes open at 
the ends, which were therefore liable to be 
compreſſed - by the ſmalleſt violence. But I 
could not find the leaſt contuſion upon them, 
after they had been three days in the ſtomach. 
The inſpection, however, of the tubes, pre- 
ſented a phenomenon which ſhewed, that 
the ſides 'of the ſtomach had not been inac- 
tive all the time. Upon opening this viſcus 
I found a maſs of hairs, Which were of a 
different colour from [thoſe of the dog, and 
could not therefore have been ſwallowed 
while the animal was licking itſelf. They 
muſt have belonged to ſome other animal 
that had: been devoured by the dog, before it 
fell into my hands. Theſe hairs were not 


only floating in the ſtomach, but many of 


them had likewiſe got into the tubes; and 
this muſt have been effected by the action of 
the ſtom t ⁊ / Fs 7 
3 ii dogs, taking care 
not to wound the ſtomach. This operation 
was performed ſoon after they had taken 
food; for I preſumed that the muſcular fi- 
bres, irritated by the diſtenſion, would con- 
tract more conſpicuouſly at this time. The 
ſtomach of the firſt was 2 uieſcent 
when it was left to itſelf. But when the 
point of a knife was drawn over it, the parts 
that were touched and thoſe that were adja- 
cent immediately contracted, and then re- 
turned to their former ſituation. Upon 
throwing round a ligature above the cardia 
and below the pylorus, and taking the ſto- 
Vol. . F | mach 
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mach out of the body, I thought I perceived 
a ſlight periſtaltic motion, but it was of ſhort 
duration. The contraction and dilatation 
continued to ſucceed each other in the places 
that were touched with the knife, or any ir- 
ritating body, for half an hour. The ſto- 
mach of the tecond was not only deſtitute of 
ſpontaneous motion, but was inſenſible to 
every ſtimulus. In the third ſtomach the 
periſtaltic motion was very conſpicuous z the 
contraction began juſt below the ſuperior 
orifice, and proceeded with a gentle undula- 
tion to the pylorus, and the dilatation regu- 
larly followed. This ſpectacle laſted for ſeven 
minutes. And I could reſuſcitate the mo- 
tion by irritating the upper part of the ſto- 

mach, but it continued only a little while, 
The periſtaltic movement did not appear on 
the ſtomach of the fourth dog, but irritation 
would excite it. Andit was 1n this caſe con- 
fined to the ring or circular band correſpond- 
ing. to the place where the ſtimulus was ap- 
phed. This band contracted gently, and the 
diameter of the ſtomach was ſenſibly dimi- 
niſhed; in a few minutes it dilated juſt as 
ſlowly. In the fifth ſtomach the periſtaltic 
motion was as apparent as in the third; it 
laſted ſome minutes longer, and when it had 
ceaſed in all the other parts of the viſcus, a 
band juſt above the pylorus continued theſe 
alternations. The contraction was ſo conſi- 
derable, that the oppoſite ſides of the ſto- 
mach almoſt touched each other; but all 
theſe motions were exceedingly ſlow, nor 
did the ſides of the ſtomach ever dilate or 
contract ſuddenly or forcibly. - 2 
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-- CCI, At the fame time I examined the 
ſtomach of ſome cats in the ſame manner. 


The reſult was exactly alike.. A gradual 
movement of contraction and dilatation, be- 


ginning at the upper end and extending to 


the lower, was generally perceptibleQ.. 
All theſe experiments, and the reader Will 


find ſimilar ones in Haller, though made 
with a different view (a), clearly ſhew, that 


the motion of the ſtomach of the dog and 
cat are not capable of triturating the food, 
but calculated to carry it flowly from the 
ſuperior to the inferior orifice of the ſto- 
mach, and thence expel it into the duodenum. 

From the great number of dogs that were 


ſubjected to theſe experiments I collected a 


large quantity of gaſtric fluid, and found it 
as capable of producing an incipient digeſ- 
tion out of the body, as that of ſeveral other 
animals mentioned above, both of boiled and 
raw meat, and likewiſe of ſeveral vegetables. 
It was however neceſſary to apply a pretty 
ew! 
times, as in other inſtances. ed 
CCII. Blafius, in his laborious and accu- 
rate anatomy of the dog, ſays, that the in- 
ternal coat of the ſtomach is compoſed of a 
congeries of glands. (6). My opportunities 
of aſcertaining this have been trequent. 
have examined it.with my naked eyeand with 
the microſcope, but could never perceive any 
glandular appearance. Upon wiping it dry 
and preſſing it, it is covered with an aqueous 
exſudation, but I could not diſtinguiſh» the 


( a) Mem. ſur les part. irrit. & ſenſib. « 38 Ty 
(5) Anat, Anim. OT or a” how wh 
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pores from which this exſudation iſſues. T' 
have examined ſeveral pieces with the ſolar 
and the fimple microſcope, and in ſome'per- 
"ceived a vat number of lucid points, while 
in others there appeared nothing of this kind. 
A then examined ek part, which is con- 
tiguous to the nervous coat, and immediate 
ly ſaw, that it is compoſed of a congeries of 
oblong particles, of a pale fleſh- colour, cloſe- 
50 compacted together. Theſe are probably 
the glands of Blaſius; but I cannot affirm 
that they are really glands, not having been 
able to diſtinguiſh the characteriſtic marks of 
glandular bodies in them. But however this 
may. be, it is certain they are deſtined to 
tranſmit a fluid into the ſtomach; for when- 
ever they are preſſed, the above-mentioned 
exſudation appears upon the internal ſurface, 
And this fluid may be expreſſed ſeveral days 
"_—_ the ſtomach has been taken out of the 
body. | e 
Bee | 3 before ſaid, that the pores from 
which the gaſtric liquor iſſues are invſible; 
but the parts contiguous to the pylorus muſt 
be excepted, in which they are very conſpi- 
cuous. Upon comparing the fluid that thus 
- 00zes out with that which is collected in the 
ſtomach when it is opened, we ſhall find a 
very ſtriking difference. The latter, as we 
have ſeen above, is yellow, bitter, and ſome- 
What gelatinous (CXCII). But the former 
has not one of theſe properties, being co- 
lourleſs, inſipid, and very fluid. Hence it 
is evident, that the gaſtric liquor of the dog, 
that liquor which is the efficient cauſe of di- 
geſtion, conſiſts, as in other animals, of ſe- 
veral different principles, viz. of faliva, - 
8 2 : t 
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the eſophageal juice, of that which is pe- 
culiar to the ſtomach, of the pancreatic juice, 
and bf EH. 

CCIH: To complete my reſearcheson ani 
mals with membranous ſtomachs, it remain 


* 


draw very . plauſible inferences concerning 
human digeſtion, from obſervations on this 
numerous claſs; eſpecially from birds of 
prey, the cat and dog, Which reſemble us 
ſo much in the ſtruct re Gf the" ſtomach. 
But analogical arguments are probable” in- 
deed, but not conclufive. And it is an ob- 
ject of much higher importance to attain cer- 


an in animals. In the writ= 


topic is more frequently diſcu yet there 
is little elſe neee direct expe- 
riments made upon Man are entirely want- 
ing, and their reſearches are illuminated only 
by the twilight of conjecture, and ſupported 


by precarious hypotheſes. If therefore it, 


was neceffary on other occaſions to have re- 
courſe to experiment, on the preſent it was 
abſolutely inditpenfible. Upon reflection it 
appeared, that the principal experiments were 
reducible to two Heads: viz. to procure hu- 
man gaſtric fluid, in order to examine it in the 
manner that of animals has been examined; 
and to ſwallow tubes full of various vege- 
table and animal ſubſtances, in order to fee 
what changes they undergo in the ſtomach. 
I will candidly own, that thelatter kind gave 
me ſome apprehenſion. ' The hiſtories of in- 
digeſtible ſubſtances occafioning troubleſome 
ſymptoms, and _ vomited after a conſi- 
TT derable 
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derable time (a), occurred to my mind. 1 
alſo recollected inſtances where ſuch bodies 
had ſtopped in the alimentary canal. Other 
facts however Where the reſult was contrary, 
and of more frequent occurrence, gave me 
confidence. Thus we every day ſee the 
ſtones of cherries, medlars, plums, &c. 
ſwallowed and voided with impunity. This 
conſideration at laſt determined me to make 
a trial with as great caution as poſſible. — 
© CCIV. I ſwallowed in the morning faſt- 


ing a linen bag, containing fifty-two grains 
of maſticated bread. All the following ex- 
periments were mage under the like circum-- 
ſtances. I retained the purſe twenty-three 
hours without experiencing the ſmalleſt in- 
convenience, and-then voided it quite empty. 
The ſtring uſed for ſewing and tying it was 
entire, nor was there any rent in the bag it- 
felf. Hence it is plain, that it had not re- 
ceived any damage either in my ſtomach or 
inteſtines.  'The, fortunate reſult of this ex- 
periment gave. me great encouragement_ to 


undertake others. I immediately repeated 


it with two of the ſame bags, with this va- 
riation, that one was double, and the other 


had three folds. My motive obviouſly was 


to ſee, whether theſe additional folds would 
impede digeſtion. . The bags were voided in 
twenty-ſeven, hours, and the double one was 
empty; but the other ſtill contained a ſmall 

ity that had yet the characters of bread. 
3 CV. From vegetable I proceeded to ani- 
mal ſubſtances. A a ſingle linen bag ſixty 
grains of boiled pigeon were encloſed, and 


(a) Haller, Phyſ. T. 6. 
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in another the ſame quantity of boiled veal; 
both were previouſly maſticated. The purſes 
were yoided in e hours and three- 


fate er e E 
Inſtead of fixty I next employed eighty grains, 
of which the bulk N 3 as to 
make me apprehend any danger from its paſs- 
ing down the œſophagus, and ſtill leſs from 
its getting out through the pylorus, as at 
this time it muſt of neceſſity be very much 
diminiſhed in bulk. The fleſh had been pre- 
viouſly. boiled and maſticated. I retained it 


twenty- nine hours, at the expiration of which 


time there remained eleven grains undiſſolv- 
ed. This fleſh differed in appearance from 
that which is taken undigeſted out of the 
ſtomachs of animals. The ſurface of the 


latter is gelatinous, but the former was as 


void of ſucculency as if it had been ſet un- 


der a prefs. This appearance, which is ana- 
logus to that of the bread in the preceding 


experiment (CCIV), made me ſuſpect, that 


perhaps the human ſtomach might poſſeſs a 


power of compreſſing its, contents, though 
others of the fame ſtructure are deſtitute of 
ſuch a power. I therefore determined to 
bring this ſuſpicion to the teſt of experiment. 
CCVI. Finding that I could digeſt dreſſed 
meat that had been maſticated, I wiſhed to 
know whether I was capable of "digeſting it 
without maſtication. I ſwallowed eighty 
ea of the breaſt of a capon, encloſed in a 
ag. The bag was retained thirty-ſeven 
hours. So long a ſpace had produced conſi- 
derable effects, for it had loſt fifty-lix grains. 
The ſurface of the remainder was dry, but 


the internal fibres * to be more ſuc- 
| 3 


culent. 


was entirely conſumed. 
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culent. The piece ſeemed to have been di- 
eſted equally, for it retained its original 
ape. 1 BY Lf 

CVII. I next wiſhed to know whether 
this dryneſs of the ſurface would take place | 
in raw as well as dreſſed fleſh. I did not 
doubt but I ſhould digeſt it in this ſtate more 

or . leſs ſpeedily ; for the human ſtomach is 
adapted to the digeſtion of the one as well as 
the other, whole nations living upon raw 
fleſh, and raw fiſh being eaten in. ſome ma- 
ritime countries; not to mention that oyſters, 
cockles, &c. in the ſtate they are taken, are 
among the delicacies of the elegant and luxu- 
rious, though a food of difficult digeſtion, 
I took faſting fifty-ſix grains of raw vealand 
as much beef, encloſed in two bags, which 
were returned about the middle of the next 
day. Of the veal, as it was the . tenderer, 
there remained fourteen grains, and of the 
beef twenty-three. In both there was the 
ſame dryneſs on the ſurface as if the bags 
had been wrung, or preſſed by ſome external 
A 8 „ 
CCVIII. As then this phænomenon is 
conſtant, are we to ſuppoſe, that the digeſ- 
tion of fleſh and bread, which 1s produced 
by the gaſtric fluid within the bags, is aided 
by the triturating power of the ſtomach ? 
Does any ſuch power exiſt at all? I could 
deviſe no better means of diſpelling theſe 
doubts, than by obſerving what happens to 
animal and vegetable ſubſtances encloſed in 
tubes. Should they either not be at all or 
imperfectly digeſted, we muſt infer, -that 
there was wanting ſome circumſtance either 
neceſſary, or at leaſt expedient ; and we might 

FT ; 5 preſume, 
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preſume, that it is trituration. I Was then 


under the neceſſity of ſwallowing tubes. 


Having ſuffered nothing from the former ex- 


periments, I entered upon theſe without 

much apprehenſion. Inſtead of tin I had my 
tubes made of wood, fearing leſt the refi- 
dence of the metal in the ſtomach and bowels 
ſhould be productive of bad conſequences, 
although I never perceived any in other ani- 
mals. The gaſtric fluid had never corroded 
it, the colour was only turned to black. My 
wooden tubes were five lines in length and 
three in diameter. The ſides were, as uſual, 
perforated with a great number of holes, in 
order to allow free ingreſs to the juices of 
the ſtomach, along the whole length of the 
tubes, as well as at the ends. To prevent 


the entrance of the fœculent matter during 


their paſſage through the long track of the 
inteſtines, they were encloſed in linen bags, 
a precaution not always employed upon other 
occaſions of the like nature. At firſt I took 
a ſingle tube, containing thirty-ſix grains of 
boiled veal previouſly maſticated. The tube 
was voided empty in twenty-two hours. The 
cover of linen was entire, and had prevented 
any extraneous matter from getting in. ; 
_ CCIX. This experiment, which is by no 
means favourable to the doctrine of tritura- 
tion, induced me to attempt others before: I 
drew any concluſion. As the tube was ca- 
pable of containing above thirty-ſix grains, I 
put in forty-five, I retained it ſeventeen 
ours. There was a refiduum of twenty⸗ 


one grains; and now appearances were chang- 


ed; the veal not only had its natural ſuccu- 
lence, but the ſurface was ſoft and a” | 
| | tne 
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the center alone remaining fibrous. The 
jelly was ſweet, its ſmell was not at all pu- 


trid, any more than that of the reſiduums in 


the purſes. Theſe appearances were obſerv- 
ed in three other experiments with boiled, 
and one with raw fleth of ſeveral different 
kinds. T hefitated not to conclude, that in 
Man, as well as numberleſs other animals, 
the gaſtric fluid digeſts the food without the 
concurrence of trituration. It is indeed not 
poſſible that it ſhould concur; for I have di- 
rect proofs, that no muſcular action capable 
of producing ſuch effects is ever exerted by 
the human ſtomach. Among the wooden 
tubes employed in theſe experiments, I pro- 
cured ſome to be made ſo thin that the ſlight- 
eſt preſſure would cruſh them to pieces; and 
though I frequently uſed them, not one was 
ever broken. If I took off the linen cover, 
which was always entire, and examined them 
with ever ſo much attention, I could never 
perceive the ſmalleſt fiſſure. vis 

CCX. Theſe perfectly coincide with the 
following facts. Cherries and grapes are ſaid 
to be voided entire (a). TI reſolved to aſcer- 
tain by my own experience the truth of theſe 
obſervations. I firſt ſwallowed four unripe 
grapes, becauſe in that ſtate they have greater 
frmneſs. In a day they were all voided with 


the ſkin whole; the colour was changed from 


a "24k white to yellow. I next made trial 
of ripe grapes, which, as every one knows, 


burſt on the ſlighteſt preſſure. Of twenty- 
five which I ſwallowed eighteen were voided 
entire, of the other ſeven the ſkins only ap- 


(a) Haller, Phyf. T. 6. 
| | peared. 
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peared. I made the ſame experiments with. 


many cherries, 'as well ripe as unripe, and 


by far the greater number were voided en- 
tire. Theſe experiments, together with thoſe 
made on the thin tubes, afford the moſt con- 
clufive evidence, that no triturating force is 
exerted by the human ſtomach. 

I ſhall be perhaps aſked, what is the cauſe 
of the dryneſs ge the fibres, ſo often ob- 
ſerved in fleſh encloſed in the linen bags, 
which would appear to have been forcibly 
preſſed (CCIV, CCV, CCVI, CCVII) ? 
Upon confidering the matter I was led to 
ſuppoſe, that the inteſtines are more concern 
ed in this phænomenon than the ſtomach. 
While the bags remain in the ſtomach, the 
fleſh is converted into a gelatinous matter; 
for there is no reaſon for believing this hap- 
pens in the tubes only, and not in the bags. But 
when they are protruded into the inteſtines, 
they muſt be ſurrounded and preſſed by the 


fœculent matter. Hence the jelly is ſqueez- 


ed out, and the fibres loſe their ſucculence 
And this, not the action of the ſtomach, I 
take to be the cauſe why cherries and grapes 

are now and then burſt. - 5 
CCXI. Having thus eſtabliſhed this fun- 
damental propoſition, viz. that the digeſtion 
of fleſh and bread is produced in my ſtomach 
by the gaſtric fluid independently of tritura- 
tion (CCIV, CCV, CCVI, CCVH, CCVIII, 
CCIX, CCX), I had before me a fine field 
for experiments that could not fail to ſuggeſt 
ſome important truth. The neceſſity of maſ- 
tication is ſufficiently known. There is, per- 
haps, no perſon who has not ſome time or 
other been ſubject to indigeſtion for want of 
N having 
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having performed this properly. In the 
courſe of my experiments I had ſwallowed 
ſome maſticated fleſh, and ſome without maſ- 
tication ; but having never taken care that it 
ſhould be of equal fize, I had no term of 
compariſon, and hence was not certain which 
was moſt ſpeedily digeſted. I therefore ſup- 
plied this omiſſion in the following manner. 
i took two pieces from a pigeon's heart, each 
weighing forty-fve grains, and having chew- 
one as much as I uſed to chew my food, 
enclofed them in two tubes, and ſwallowed 
them at the ſame time, but without attain- 
ing the end I had in view; for the tube con- 
taining the chewed fleſh was voided in twen- 
ty-five hours, aad the other in thirty-ſeven, 
both empty. Another experiment made un- 
der the ſame circumſtances ſucceeded better, 
both the tubes were voided in nineteen hours, 
and I then ſaw how much digeſtion is pro- 
moted by maſtication. Of the maſticated. 
fleſh there remained only four grains, where- 
as of the other there were eighteen left. This 
was confirmed by two other experiments, 
one made with mutton, the other with veal. 
The reaſon is obvious. Not to mention the 
ſaliva which moiſtens and prediſpoſes meat 
to be diflolved, it cannot be doubted, that 
when it is reduced to pieces by the action of 
the teeth, the gaſtric fluid penetrates more 
readily, and by attacking it at more points, 
diſſolves it more ſpeedily than when it is 
whole. This is true of menſtrua in general, 
which always diſſolve bodies ſooneſt when 
they have been previouſly broken in pieces. 
This is alſo the reaſon why in other experi- 
ments, maſticated bread and dreſſed fleſh were 
more 
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more readily diſſolved than unchewed bread 
and raw fleſh. The boiling had made it ten- 
derer, and conſequently diſpoſed jt to allow 
ingreſs to the gaſtric fluid. 127 

CCXII. It is an opinion common among 
modern phyſiologiſts, that fleſhy fibres, ten- 
don, cartilage, and bone loſe their juices in 
the human ſtomach, but that the ſolid parts 
are not diſſolved or digeſted. With reſpect 
to fleſhy fibres, I muſt differ from them, 
having clearly proved the contrary by expe- 
riment CcV, ECVIII, CCXI). As I could 
bring the other ſubſtances to the ſame teſt, 
I would not neglect an enquiry of ſo much 
importance. I at firſt took membrane en- 
cloſed in a tube without maſtication or divi- 
ſion, weighing about ſixty-fve grains. The 
tube was voided in thirty-two hours, and 
preſented the following appearances: The 
membrane was entire, but ſeemed thinner 
and ſhorter. It weighed only. twenty-eight 
grains. This diminution, however, was not 


a ſufficient proof of the ſolution of the ſolid 


parts; it might be the Conſequence of the 
privation of the fluids. It was therefore 
proper to return it into the ſtomach, and wait 
the reſult. The membrane was voided in 
fifteen hours; it was ſtill in one piece, but 
exceedingly reduced, weighing now only 
five grains. This petty remainder I ſwal- 
lowed a third time; the tube was voided in 
twenty-two hours, and was now completely 


empty. I afterwards ſaw the ſame pheno- 


mena in membranes of greater thickneis and 


_ tenacity; T once digeſted the aorta of a calf 


after it had been boiled. The only difference 
FE | I obſerved 
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I obſerved was, that the compacter mem. 
branes required more time to be diflolived. 

CCXUL. I made experiments upon car- 
tilage and tendon at the ſame time. To 
avoid giving the reader diſguit by too parti- 
cular a recital, I will only mention the bare 
reſults. The cartilage was more ſpeedily 
diſſolved than the tendon, the former being 
totally conſumed in eighty-ſive and the lat- 
ter in ninety-ſeven hours. Both were taken 
from an ox, and had becn previouſly boiled 
for half an hour. | 

CCXIV. Bones ſtill remained, and I ſub- 
mitted ſome both of a hard and ſoft texture 
to experiment. The latter were completely 
diflolved, and required about the ſame time 
as cartilage. But the former underwent no 
perceptible diminution, though it continued 
upwards of eighty hours in my ſtomach; I 
hkewiſe ſwallowed a naked ball of hard beef 
bone three lines in diameter, and in thirty- 
three hours voided it undiminiſhed. 

It is therefore certain, that the ſtomach is 
capable of digeſting not only muſcular fibres, 
but membrane, tendon, cartilage, and even 
bone itſelf, provided it is not too hard; 
though moſt phyſiologiſts and phyſicians 
have been led to adopt a contrary opinion by 
obſerving, that theſe ſubſtances are evacuated 
unaltered. But this is no proof that they are 
indigeſtible (for if they had made the expe- 
riment on themſelves, and weighed the ſub- 
ſtances, they would have obſerved a waſte), 
it only ſhews, that they are not ſo ſoon di- 
geſted as other kinds of food, which are diſ- 
ſolved in a few hours; whercas, membrane, 

N | tendon, 
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tendon, cartilage, &c. require ſeveral days, 
on account of their tenacity and hardneſs. 

Let no one ſuppoſe, that my ſtomach, be- 
ing ſtronger than common, is capable of di- 
geſting what that of others cannot digeſt. I 
own, with concern, that it is weak, as is 
utual in thoſe whoſe purſuits condemn them 
to a ſedentary and unwholeſome way of life. 
My ſtomach digeſts food ſo ſlowly, that I 
cannot ſtudy for five or fix hours after a 


ſparing dinner, and am liable to indigeſtion 


whenever I feed more plentifully than com- 
mon. 

Before I quit this ſubje& let me obſerve, 
that though I have mentioned the gaſtric 
juices as the efficient cauſe of digeſtion in 
the experiments on myſelf, yet I mean not 
to exclude thoſe of the inteſtines from their 


ſhare. We know, that the ſmall inteſtines 


complete the proceſs of chy/zfication, which 
is but begun in the ſtomach. I muſt there- 
fore allow, that the digeſtion of animal 
and vegetable ſubſtances in the bags and 
tubes is perfected in the inteſtines. But this 
is not in the leaſt repugnant to the reſult of 
thoſe experiments that ſhew the human ſto- 
mach to be deſtitute of any triturating force, 
and digeſtion to be the effect of the gaſtric 
fluid alone, though the fluid which is ſe- 
creted by the ſides of the ſmall inteſtines may 
complete the proceſs. 
CCXV. In the CCIIId paragraph I re- 
marked, that the chief experiments on man 
were reducible to two heads, thoſe which 
relate to the natural proceſs, as it may be ob- 
ſerved by means of tubes and ſuch contri- 
vances, and thoſe which relate to artificial 
digeſtion 
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digeſtion, provided the gaſtric juices can be 
procured. Having treated the former of theſe 
diviſions as well as circumſtances would per- 
mit, it remains for me to make ſome enqui- 
ries relative to the ſecond. It was firſt ne- 
ceſſary to deviſe a method of procuring the 
gaſtric fluid. The firſt idea that ſtruck me 
was to ſearch for it in dead bodies, but after 
examining ſeveral ſtomachs I was obliged to 
abandon this ſearch; for they were either 
without any fluid, or elſe what they contain- 
ed was ſo turbid and ſo much adulterated 
with heterogeneous matters, that it would by 
no means ſuit my. purpoſe. Nor were the 
little ſpunges, which had ſerved ſo well in 
animals, better adapted to the preſent occa- 
fion. Two ſpunges would not ſupply me 
with a ſufficient quantity, and I could ven- 
ture only to ſwallow two tubes at once, for 
fear of forming an obſtruction in my ſto- 
mach. Beſides, the juice thus procured 
would have been very impure, on account of 
the heterogeneous matters that the tubes 
muſt neceflarly have imbibed during their 
paſſage through the inteſtines. 


There remained only to obtain it by ex- 


citing vomiting while the ſtomach was emp- 
ch. To effect this, I choſe rather to tickle 
the fauces than drink warm water, as in this 
caſe the gaſtric fluid muſt have been diluted. 
In this manner therefore, before I took meat 


or drink, I procured in two mornings a quan- 


tity ſufficient for a few experiments, of which 
the reſult ſhall be related below. I could 
have wiſhed to have made a greater number, 
but the diſagreeable feelings occaſioned by the 
act of vomiting, the convulſions of my WR 
| Sk frame, 


- 
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frame, and more eſpecially of my ſtomach, 
that continued for ſeveral oy after jt, left 
upon my mind ſuch a repugnance for the 
operation, that I was abſolutely incapable of 
repeating it, notwithſtanding my earneſt de- 
fire of procuring more gaſtric liquor. 
__CCXVI.. I was therefore obliged to con- 

tent myſelf with what theſe two vomits af- 
forded me. The firſt time it amounted to an 
ounce and thirty-two grains. It was frothy 
at its being thrown up, and ſomewhat glu- 
tinous. After it had —— at reſt a few hours 
and depoſited a ſmall ſediment, it was as lim- 
pid as water. It was a little falt to the taſte, 
but not at all bitter. It did not either, when 
thrown on the fire or brought near a candle, 
ſhew any token of inflammability (a). It 


5 (a) From this and the LXXXIfſt, CXXIIId, 
CXLIXth, and CLXXXV th paragraphs we may collect, 
that the gaſtric juices both of man and animals are deſti- 
tute of inflammability. I made theſe experiments, becauſe 
Reaumut thought that that of his Kite was inflammable, 
which quality Dr. Batigne imputes to the bile, a fluid 

confiſting principally of oil (premiere Reflexion ſur les 
Exper. de — But were this true, the gaſtric 
juices of moſt of my birds ought to have taken fire. As 
all mine are contrary to Reaumur's ſingle experiment, I 
ſhould ſuſpect, that what he obſerved was owing to ac- 
cident. His experiment was the following: o take 
away the ſmell of putrid fleſh, which one of his tubes had 
acquired, he ſet it upon ſome burning coals, when im- 
mediately there iſſued a flame from the inſide that laſted 
above 4 minute (Seconde Mem.). But it is eaſy to per- 
ceive, that this might have been owing to ſome fat of the 
fcſh encloſed adhering to the tube. I am more confirm 
ed in this ſuſpicion from having obſerved, that the gaſtric 
fluid of a kite, ſuch as Reaumut's, mentioned in a note 
to paragraph CLXXV.-was not more diſpoſed to take firs 


than the other gaſtric juices which I examin et. 
or fr Ep mn 


4 


— 
— — phe I ny 


1. <a — 
EI 8 


PI — 3 
"= — 
— — . oo oc 


— 
1 enrowoond ee Ie — - 
. e ee een e eee 


— — — 
1 WR 
To * 


— — — a PETE — 
e 
a % ——— 


420 DISSERTATION V. 


evaporated in the open air, and when J put 
fifty-two grains into a veſſel and ſet it on hot 


coals, it emitted a thick ſmoke. . Another 


ſmall portion, weighing cighty-three' grains, 
was put in a phial, which was-cloſed with 
a ſtopple to prevent it from evaporating. It 
did not change colour or taſte, nor did-1t ac- 
quire any bad ſmell, notwithſtanding it was 
kept above a month in the hotteſt ſeaſon of 


the year. I thus employed about one half, 
the remainder was uſed for an attempt to ob- 


tain artificial digeſtion. It was put into a 
glaſs tube two inches long, ſealed hermeti- 
cally at one end, and very narrow at the other; 
T then introduced a ſmall quantity of maſti- 
cated boiled beef, and ſtopping the tube with 
cotton, ſet it in a ſtove cloſe to a kitchen 
fire, where there was a conſiderable heat, 
though not perhaps exactly equal to the tem. 
perature of my ſtomach. By the fide of this 
tube I placed another, containing the ſame 
quantity. of fleſh immerſed. in water. The 
appearances in both were the following: In 
twelve hours the fleſh in the former —— 
to loſe its fibrous ſtructure, and in thirty- 


five it had ſo far loſt its conſiſtence, that when 


L attempted to lay hold of it, it ſlipped from 
between my fingers. But though to the 
naked eye it appeared to be reduced to a pul- 
taceous mals and to have loſt its fibrous tex- 
ture, yet the microſcope rendered the fibres 
viſible; they were however reduced to a great 
degree of minuteneſs. After this ſemifluid 
ſhapelefs maſs Bad continued two days longer 
in the galtric fluid, the ſolution did not ſeem 
to have made. any further progreſs, and the 
reduced fibres were {till juſt as apparent. 13 


* 
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fleſh did not emit the leaſt bad ſmell; while 


that immerſed in water was putrid in ſixteen 


hours, and became worſe and worſe the two 


n 8. It loſt in ſome meaſure its 
fibrous — as always happens during 
putrefaction; but this appearance did not pro- 
ceed ſo far as in the other portion, for th 
fibres were entire on the third day. 5 
CCXVII. I vomited the ſecond time more 
gaſtric fluid, and was now enabled to exa- 
mine it again as I had done before; and it 
appeared to poſſeſs exactly the ſame proper- 
ties. In order to determine the influence 
of heat two tubes were filled with it, and 
ſome fleſh was immerſed as before (CCXVI). 


One of the tubes was placed in the ſtove, 


and the other left in the open-air. In the 


former the fleſh was juſt as much diſſolvedꝭ as 


in the preceding experiment; but in the lat- 
ter the ſolution proceeded no farther than 
when water was employed (CCXVI). There 
was however no putrid ſmell,” though 'the 


fleſh was left ammerſed in the gaſtric fluid 


ſeven days. ED 1 | 
Before I conclude this account, I muſt 
mention a circumſtance that happened the 
ſecond time I procured gaſtric 11quor by vo- 


miting. Four hours before I ſubmitted to 
this diſagreeable operation, I had ſwallowed 
two tubes filled with beef, one of which was 


thrown up; the fleth was throroughly foak- 
ed in the fluid of the ſtomach, and the ſur- 


face was ſoft and gelatinous; it it had more- 


over waſted from fifty-three to thirty-eight 
grains. This:experiment 2 that there 
is a conſiderable degree of digeſtion in the 
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ſtomach, before the food paſſes into the in- 


teſtines. PETRA 
CCXVIII. We may now ſafely lay. down 
ſome general conſequences concerning di- 
geſtion in Man and animals. In the experi- 
ments on birds with muſcular; ſtomachs, we 
have ſeen how trituration diſpoſes the food 


to be ers? Hence Nature has furniſhed 


this claſs with gaitric muſcles of ſufficient 

ower to effect this neceſſary preparation, 
But we have likewiſe ſeen how digeſtion, 
which conſiſts in the tranſmutation of the 


aliment into chyme, is the effect of the 


| Pic 15. with which the ſtomach abounds 
. 

We next proceeded to birds with interme- 
diate ſtomachs, ſuch as crows and herons, 
and found, that-in them digeſtion was owing 
to the gaſtric fluid alone (Diſſ. II). £523 

_ We next conſidered animals with mem- 
branous ftomachs, a claſs ſo numerous and 
various, that it comprehends almoſt every fa- 
mily of living creatures; it includes the in- 
habitants of ſalt and freſh water; amphibi- 


_ -ous animals, as the frog, the newt, and water- 
ſnake; reptiles, as the viper, the land-ſnake, 


and many ottiers; quadrupeds, as the cat, the 


. dog, the horſe, the ox; birds, as birds of 


* 


to be added. 


In ſeveral of theſe animals we have ſeen 


prey : to this catalogue Man himſelf is alfo 


the neceflity of previous trituration, as in 


the ruminating order and in Man; in them 


it is produced by the teeth, as in gallinace- 
dus fowls by the muſcles of the ſtomach. 
But in others, as in the frog, the newt, fer- 


pents, and birds of prey, it does not at all 
— ; contzibute 


— — —— — — 
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contribute to digeſtion. But in the latter, as 
well as the former caſes, we have ſeen how the 
food is diſſolved and digeſted by the gaſtric 
fluid (Diff. III, IV). | 3 

In every order of animals, Nature, ever uni- 
form in her operations, employs one princi- 
ple for the performance of this vital func- 
tion. Hence ſhe has ſo copiouſly furniſhed 
the eſophagus and ſtomach with glands, fol- 
licles, and other contrivances that anſwer 
the ſame end, whence continually flow the 
juices ſo neceflary to the life of Man and 
animals. Theſe juices agree in many pro- 
perties, but the difference of effect ſhews, 
that they differ in others. In the frog, the 
newt, ſcaly fiſhes, and other cold animals, 
the gaſtric fluid produces digeſtion in a tem- 
perature nearly equal to that of the atmo- 
ſphere. But the gaſtric fluid of hot animals 
is incapable of diſſolving the aliment in a de- 
gree of heat lower than that of the animals 
themſelves. There is alſo a difference in 


celerity of action, and in efficacy. In 


celerity, becauſe the food in hot animals 
is digeſted in a few hours; whereas, in the 
oppolite kind it requires ſeveral days and even 
weeks, particularly in ſerpents. In efficacy, 
becauſe the gaſtric juices of ſome animals, 


as the gallinaceous claſs, can only diſſolve 


bodies of a ſoft and yielding texture, and 
ſuch as have been previoully triturated; while 
thoſe of others, as ſerpents, the heron, birds 
of prey, the dog, decompoſe ſubſtances of 
great tenacity, as ligament and tendon, and 
of conſiderable hardneſs, as the moſt hy <5 
bone. Man belongs to this diviſion; but his 
gaſtric fluid ſeems to have no action on the 


hard- 
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hardeſt kind of bones. Further, ſome ſpe- 
cies, as birds of prey, are incapable of di- 
geſting vegetables. But Man, the dog, the 
cat, crows, &c. diſſolve the individuals of 
both kingdoms alike. In general theſe juices 
produce their effects out of the body, as the 
numerous inftances of incipient digeſtion un- 
der this circumſtance, both with the gaſtric 
fluid of animals and Man abundantly ſhew. 
 CCXIX. Having thus brought into one 
3 of view the principal circumſtances re- 
lative to the efficient cauſe of digeſtion, let 
us compare them with what has been moſt 
lauſibly written upon this topic ſo intereſt. - 
* phyſician. The opinion that pre- 

vails chiefly in the ſchools of Europe is that 
advanced by Boerhaave, who has in truth 
done nothing but reconcile the opinions that 
had been propoſed at different times before 
him. He obſerves, in the firſt place, that 


the various ſolid and fluid ſubſtances which 


ſerve for food, being received into a cloſe, 


moiſt, and warm veflel, muſt, according to 


the nature of each, ſooner or later begin ta 
ferment or putrefy, There are alſo various 
fluids continually running into the cavity of 
the ſtomach, viz. the ſaliva, the eſophageal 
liquor, that thin tranſparent fluid which is 
ſecreted by the gaſtric arteries, and a viſcid 

umour ſecreted by glands in the ſtomach; 
Tf we confider the properties of theſe ingre- 
dients, and moreover take into the account 
the remains of the food which ſerve as 4 
ferment, the air which produces an inteſtine 
moyement of the integrant parts, the heat 
which excites this heterogeneous - maſs, we 
ſhall find, that the aliment will be macerated, 
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diluted, attenuated, diſſolved, determined to 
an incipient fermentation, and in ſhort, im- 

refled with the primary principle of vitality. 

hus it is that Boerhaave explains the di- 
geſtion of ſoft food. With reſpect to that 
of a firmer texture, imagining, that the cauſes 
above recited are inſufficient to explain the 
digeſtion of them, he has recourſe to the tri- 
turating power of the ſtomach, produced by 
the action of the muſcular coat, and the pul- 
ſation of the aorta and the other adjacent ar- 
teries ; the nervous fluid, which perhaps flows 
into the ſtomach more copioulſly than elſe- 
where; and laſtly, the continual and ſtrong 
compreſſion of the diaphragm and abdominal] 
muſcles. In conſequence of theſe additional 
cauſes, in the firſt place, the food will be broken 
down into a pulp, and acquire a cineritious 
hue; ſecondly, the fibres, tendons, carti- 
lages, &c. will be deprived of their juices 
while they retain their coheſion ; thirdly, 
from vegetable and animal ſubſtances thus 
diſſolved, will be produced a fluid reſembling 
our humours. 3 

CCXX. Thus has this celebrated phyſi- 
cian explained his ideas concerning digeſtion 
in his Inſtitutions. He ſuppoſes, that there 
are two principal agents in this vital function, 
viz. the different fluids that are collected in 


the ſtomach, and the mechanical action of 


that organ; the ſegondary agents are heat, 
air, the nervous fluid, the remains of the 
food, and an incipient fermentation. h 

With reſpe& to the gaſtric fluid, his ideas 
were indeterminate and unſettled. On com- 
paring this paſſage with his Prælections it 
will appear, that he conceived that it acted in 
Q 4 the 
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the ſolution of the food like a ſimple diluent, 
like water heated to the ſame degree. But 
facts without number related above ſhew; 
that it does not act in this manner, but as a 
a real ſolvent. That the ſolution is more 
ſpeedy and effectual than that obtained b 
mere water, 5 from experiments equally 
numerous. oreover, this fluid does not 
diffolve ſoft and yielding ſubſtances only, but 
the hardeſt and moſt tenacious, contrary to 
Boerhaave's opinion. 

With reſpect to trituration, the attentive 
reader will eaſily anticipate my anſwer. How- 
ever remarkable the effects produced by the 
mechanical action of muſcular ſtomaehs 
may be, intermediate and membranous ſto- 
machs have no ſuch power. I have made 
particular obſervations on the ſtomach of the 
dog, which ſo nearly reſembles that of Man, 
and it never 3 to have any motion ſuf- 
ficient to break down the food. This was 
not only proved by thin tubes receiving no 
injury, but by inſpection of the ſtomach 
during the time of digeſtion (CXCIX, CC). 
The reader will find ſimilar proofs taken from 
the effects produced by my own ſtomach, in 
the CCIXth and CCXth paragraphs. Theſe 
direct arguments ſhew the inſufficiency of 
the Boerhaavian hypotheſis, - It is befides 
eaſy toſhew its falſity, by examining the foun- 
dation on which it reſts. He deduces the 
triturating power from the action of the 
muſcular coat and the contiguous parts; but 
this coat is fo thin in membranous ſtomachs, 
that its effects muſt needs be inconſiderable. 
Nor is the preſſure of the adjacent parts of 
much importanee, at leaſt in the cat an 4 
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for upon Opening the abdomen and feeling 
J perceived nothing but the 

pulſation of the arteries, as I had before 
done in ſome birds with muſcular ſtomachs 
(XXXVIII). But this pulſation does not 
compreſs the ſtomach. I likewiſe 2 
by my touch, that this viſcus is affected by 
the vibrations of the neigbouring arteries; 
but the effects of theſe vibrations are not 
more conſiderable than the pulſation of its 
own arteries. The whole ſtomach was lifted 
up, and depreſſed by the motion attending 
reſpiration. The periſtaltic movement was 
alſo general in ſome caſes ; but the former 
did not produce contraction, and the con- 
traction produced by the latter was gentle, 
and incapable of triturating the aliment. It 
could only agitate, and thus diſpoſe it to be 
more readily diflolved. -| _ ; 
CCXXI. Heat, I readily agree with Bo- 
erhaave, in conſidering as aco-operating cauſe. 
My experiments prove its great importance. 
Though the gaſtric fluid 1s not inflammable 
(LXXXI, CXXIII, CXLIX, CLXXXV, 
CCXVI), yet it is diſpoſed by warmth to in- 
ſinuate itielf into digeſtible ſubſtances, and 
reduce them to that gelatinous matter which 


the ſtomach, 


ſerves immediately for nutriment. The ſame 


1 is applicable to menſtrua in ge- 
nera fl. | | f 
Iwillingly admit, that particles of air, while 
they are extricated from the food among 
which they are entangled by means of the 
faliva, contribute to its more ſpeedy ſolution. 
But I cannot ſo readily allow, that digeſ- 
tion is promoted by the nervous fluid flowing 
copiouliy into the ſtomach; for its very exiſt- 
Ne 2 ence 
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ence is uncertain, and the hypotheſis is alto: 
gether without foundation. 77, 
Much leſs leſs can I grant, that the re- 
mains of the aliment ſerve any ſuch purpoſe 
as he aſcribes to them. The great Haller 
juſtly obſerves, that our appetite and digeſ- 
tion are good only when the ſtomach is emp- 
ty (a). I have had ſeveral opportunities of 
ſeeing this confirmed. When I fed a crow, 
a heron, or a falcon ſparingly, the ſtomach 
would be empty in fix or ſeven hours ; when 
they would take food again very greedily and 
digeſt it completely, as I found upon open- 
ing the ſtomach. _ of: 5g 
Whether an incipient fermentation contri- 
butes to digeſtion; according to the opinion 
of this writer, is a queſtion which fhall be 
examined at ſome length in the following 
diſſertation, as it has been the ſubject of 
many modern experiments. | 

Laſtly, I muſt again differ from him with 
reſpect to fibres of fleſh, membrane, tendon, 
cartilage, bone, which, in his opinion, are 
not digeſted in the human ſtomach, but only 
have their juices expreſſed; for the experi- 
ments I made on myſelf prove, that the ſolid 
parts are really diſſolved, if we except only 
the hardeft bones (CCV, CCVIII, CCXII, 
CCXIII, CCXIV). As Boerhaave endea- 
voured to reconcile the various opinions 
phyſicians concerning digeſtion, he ſeems in- 
clined to adopt in ſome meaſure the notion of 
thoſe who ſuppoſe, that the office of the ſto- 
mach conſiſts in extracting the juice of ani- 
mal and vegetable matters, among whom 
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Mr. Hecquet has particularly diftinguiſhed 


himſelf. And anote to this paſlage, in which 


he obſerves, that the ſtems of hay are ſtill 


viſible in the dung of the horſe and the ox, 
notwithſtanding it is chewed ſo often by the 
latter, ſtill more clearly explains his idea. I 
cenſidered it as of great importance to en- 
quire, whether the ſame thing happens in 


animals belonging to other claſſes, * which 


was really the caſe in fome. We have ſeen, 
that the two ſpecies of crow above-mention- 
ed are both granivorous and carnivorous: I 
ſometimes fed them with wheat alittle bruiſ- 
ed, and notwitſtanding they ſeemed to eat it 
reedily, their excrements conſiſted of dry 
3 of this grain. This likewiſe hap- 
pened when they had eaten tough fleſh. If I 
ut the excrement in water- and- ſhook it 
Lrifkded the greater part would be ſuſpended, 
but a little would fall to the bottom; this; 
upon examination, proved to be cellular ſub- 
ſtance with a few muſcular fibres, of which 
the particles cohered pretty firmly; the long- 
eſt pieces meaſured about an inch. What 
remained ſuſpended in the water was more 
than twice as much as that which fell to the 
bottom, and- ſtill retained the characters of 
fleſh. Young crows, which digeſt more 
{peedily than the adult (LXIX), do not com» 
pletely digeſt tough meat. I could eaſily 
find cellular ſubſtance ' among their excre- 
ment; but when inſtead of hard they were 
fed with tender fleſh, and with ſome ſoft ve- 
getable inſtead of wheat, the excrement did 
not ſhew the leaſt appearance of this tort. 
CCXXII. I made the fame obſervation 
upon frogs. As theſe animals generally feed 
| 3 | upon 
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upon inſects, I often found among the excre- 
ment, when treated in the way juſt deſcribed, 
legs, thighs, and wings of locuſts, and the 
cruſtaceous parts of other inſets... __ 

Leuwenhoeck, upon examining the excre- 
ment of the melvel, found, that it conſiſted 
of filaments reſembling the hairs of the beard 
cut off by the razor; theſe filaments he ſup- 
poſed to be the undigeſted remains of the 
fiſhes which the melvel had eaten (a). I can 
eaſily believe this to have been the caſe, eſ- 


pecially as it coincides with an obſervation 


of my own upon the excrement of the tench, 
in which, though I could not perceive any 
fleſhy fibres, yet the fragments of bone were 
diſtinctly viſible. I muſt however add, that 
though I have examined the fœculent mat- 
ter of many other fiſhes with glaſſes of vari- 


ous magnifying powers, I could never diſ- 


tinguiſh the leaſt atom that had the charac- 


ters of animal or vegetable matter. I have 


obſerved the ſame thing in that of nocturnal 
and diurnal birds of prey. The tough fleſh, of 
which a ſmall part was voided along with the 
excrement of crows (CCXX1), is entirely di- 
geſted by the eagle, falcon, and owl. This 
obſervation may be extended -to a multitude 
of birds of various kinds, of which, though 
I have preſerved the names in my journal, to 
avoid prolixity I will not now enumerate 
them. Serpents, though ſo flow of digeſ- 
tion, diſſolve their food ſo completely, that 


not a veſtige of any organized matter appears 
(a) Philof, TranſaQ, n. 152. 1683. 
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in their excrements. This at leaſt I have 


ſeen in vipers, water and land- ſnakes. 


Upon comparing my obſervations upon ex- 
crement with thoſe related by Boerhaave and 
others, I think it muſt be concluded, that 
confidering animals in general, ſome ſub- 
ſtances of both kingdoms are voided un- 
changed along with their excrements, be- 
cauſe the gaſtric fluid is incapable of diſ- 
ſolving them; but others are voided un- 
changed, only becauſe they do not continue 
long enough in the ſtomach to be digeſted. 
This is fully proved by my experiments on 
fleſh, membrane, tendon, and bone, the very 
ſubſtances of which Boerhaave ſuppoſed, 
that the ſolid parts were indigeſtible. Fleſh 
taken ſpoataneouſly by crows, part of which 
is voided undigeſted, but when kept many 
hours in the ftomach is completely diffolved, 
turniſhes another decifive proof of the fame 
propoſition. Ng WE Le. 

It is ſurely not neceſſary to add, that I do 
not wiſh by theſe ſtrictures to leſſen the high 
reputation of the Dutch Hippocrates. Un- 
provided with experiments of his own, he 
collected the opinions of others, and framed 
a ſyitem concerning digeſtion ſo ingenious 
and plaufible, that I willingly own that 1 
formerly adopted it, and would not now reject 
it, if I was not compelled by concluſive ex- 
periments. f 
CCXXIII. Iwill conclude this diſſertation 
with ſome remarks on a problem cloſely con- 
nected with reſearches concerning the effici- 
ent cauſe of digeſtion. Mr. Hunter, one of 
the beſt Engliſh anatomiſts of the prongs 
age, frequently in opening dead Fn 

ound 
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found the great curvature of the ſtomack 
conſiderably eroded, and ſometimes entirely 
diflolved. In the former caſe, the edges of 
the wound were as ſoft as half-digeſted food, 
and the contents of the ftomach had got into 
the cavity of the abdomen. The author ob- 
ſerves, .that ſuch a wound cannot have exiſted 
in life, having no connection with the diſ- 
eaſe, and more frequently appearing in per- 
ſons who have. died violent deaths. In or- 
der to diſcover the cauſe of this phænome- 
non, he examined the ſtomachs of various 
animals, both immediately and ſome time 
after death. He obſerved in ſeveral the ſame 
appearance. Hence he thought he was en- 
abled to aſſign the canſe. He ſuppoſes the 
ſolution to be owing to a continuance of di- 
geſtion after death, and that the gaſtric fluid 
is capable of diſſolving the ſtomach when 
it has now loſt its vital principle. From 
this diſcovery he infers, that digeftion neither 
depends on the action of the ſtomach nor on 
heat, but on the gaſtric Juices, which he con- 
ſiders as the true menſtruum of the food 22 
CCXXIV. When Mr. Hunter's ſhort hut 
ſenſible paper came to my hands, I was en- 
aged in experiments on digeſtion. I had 
diſcovered the primary importance of the gaſ- 
tric fluid in this proceſs, and that it acts out of 
the body; that is to fay, in the dead body. 
I knew alſo, that after death this fluid iſſues 
from the coats of the ſtomach. From theſe 
data I had little difficulty in believing the fact 
related by the Engliſh anatomiſt, and adopt- 
ing his explanation of it: nevertheleſs it was 
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roper to repeat the experiment. Being un- 
e with human ſubjects, I had re- 
courſe to animals. Some were opened ſooner, 
and others later after death; but among the 
numbers I inſpected, not one had its great 
curvature diſſolved, or much eroded. I ſay, 
much eroded, becauſe IJ have often ſeen a 
tittle eroſion, eſpecially in different fiſhes, in 
which, when I had cleared the ſtomach of 
its contents, the internal coat was wanting. 
The injury was always confined to the infe- 
rior part of the ſtomach. If theſe facts are 
favourable to Mr. Hunter, a great number 


are againſt him. They do not however. de- 


{troy his obſervations; mine are only nega- 
tive, his are poſitive; and we know that a 
thouſand of the former do not deſtroy a ſingle 
one of the latter, provided it is well aſcer- 
tained. I have no reaſon to diſtruſt Mr. 
Hunter, for his paper has that air of inge- 
nuouſneſs and candour which uſually accom- 
panies truth. ZLB 
CCXXV. The ill ſucceſs of my experi- 
ments did not induce me to abandon the idea 
of digeſtion after death, it only led me to 


| conſider it in another a of view. If it 
3 


be true, ſaid I to myſelf, that the gaitric fluid 
exerts its action after death, it muſt produce 
ſome ſolution of the food. Let then an ani- 
mal be fed and immediately killed, after ſome 
time let it be opened, and let us ſee whether 
the food has been at all digeſted. I deter- 
mined to bring this obvious inference to the 
teſt of experiment; I therefore kept a raven 
taſting ſeven hours in order to empty its ſto- 
mach, and then ſet before it' an hundred and 
fourteen grains- of beef, which were imme 
& + ©; diately 
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diately eaten, and muſt have paſſed into the 
ſtomach, as this bird has no crop. I then 
killed it, and as it was winter, put it into a 


| ſtove, where it was left fix hours. Sup- 


poſing this to be a ſufficient time for the gaſ« 
tric fluid to exert its action, I opened the ſto- 
mach, and found the fleſh in the following 
ſtate. It was impregnated with gaſtric 


fluid, and was become tender; the colour 


was changed to a pale red, and the ſurface 
had a bitter taſte, while the internal parts re- 
tained the taſte of fleſh. After the gaſtric 
fluid was wiped away, it weighed only fifty- 
two grains; it had therefore loſt above half 
its weight in fix hours, or, what amounts to 
the fame thing, was above half digeſted. The 
pylorus, and the duodenum for about an inch, 
were occupied by an aſh-coloured . mucus, 
which muſt muſt have been the diffolved part 
of the fleſh. | me 

At the ſame time I gave another raven, that 
had in like manner been kept faſting ſeven 
hours, an equal quantity of fleſh, and killed 
it in two hours and a quarter. My view was 
to obſerve the difference between what had 
lain fix hours in the dead, and two and a quar- 
ter in the living ſtomach, and it was very 
great; for in this latter caſe the fleſh was to- 
tally diffolved, except a few membranous pel- 
licles, which I have found to be always longer 
in being digeſted than the muſcular fibres; 
the mucus was the ſame as before, only in 
larger quantity, and occupied more of the 
duodenum. Theſe two experiments com- 
pared together prove two things, firſt, that 
digeſtion continues after death ; and ſecondly, 
that it is then far leſs conſiderable than in the 
| Y Uiing 
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living animal, though in the preſent inſtance 
the heat of the ſtove, which was about 
100 (a), muſt have promoted it not a little. 
1 — 57 of the living raven did not exceed 
20" (5). | | 
” CCXXVI. Another dead raven was kept 
five hours in the ſame ſtove, after I had forced 
two dead: lampreys, weighing together an 
hundred and twelve grains, down its throat. 
One lay in the eſophagus, the other had 
reached the ſtomach and was completely de- 
compoſed, while the other was indeed entire, 


but ſoſt and flaccid. This accident proves, 


that the gaitric fluid 1s capable of producing a 


ſenſible degree of digeſtion at a time when the 


Eſophageal juices are inert. 

. CCXXVH. Theſe experiments were made 
in winter. I determined to repeat them the 
next ſummer, becauſe then I could expoſe 
the dead animals to a greater heat. Accord- 
ingly in that ſeaſon Te bruiſed veal was 


given to two ravens, which were immediate- 


ly killed, and left ſeven hours in a window 
expoſed to the ſun. We have already ſeen 
in ſeveral paſſages, the influence of heat 
in promoting artificial digeſtion (CXLII, 
CLXXXVI, CCI, CNV, dra 
now appear leſs conſiderable. Each raven 
had eaten fixty- eight grains of fleſh, of which 
there was not an atom left entire; it was all 
diſſolved into the uſual gelatinous pulp, and 
885 greater part had paſſed through the py- 
Or us. 5 | 


(a) Two hundred fifty-ſeven deg. Fahr. Ther. 
%) One hundred nine and an half ditto, 
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Theſe facts, I think, decifively prove, that 
animals, at leaſt the ſpecies juſt mentioned, 
continue to digeſt after death. If- we con- 
ſider the matter rigorouſly, it will be proper 
to obviate a difficulty that may be ſtarted. 
However careful we are to kill the animal 
immediately after it has ſwallowed food, it is 
certain, that there will be a ſhort interval 
between the time the food gets into the ſto- 
mach and the death of the animal, and that 
the gaſtric fluids act upon it during this in- 
terval. Moreover, after death they will act 
for ſome time juſt as in life, ſince the vital 
heat is not inſtantly exſtinguiſhed. The di- 
geſtion therefore obſerved in dead animals 
may, if not entirely, at leaſt in part, be pro- 
duced by the gaſtric fluid acting during life, 
and a ſhort time after death. 

Nothing could be more eaſy than to aſcer- 
tain the juſtneſs of this ſuſpicion, ſince we 
have only to thruſt a little food into the ſto- 
mach of a dead and cold animal, and obſerve 
the conſequence. I made the experiment 
upon a raven that had been dead an hour, and 
had now only the temperature of the atmo- 
ſphere. Forty-two grains of beef cut into 
pieces were forced into the ſtomach, which 
was opencd after the bird had lain ſeven hours 
expoſed to the fun. And here inſtead of pieces 
of ſolid fleſh, I found only the uſual pulpy 
maſs, partly in the ſtomach and partly in = 
duodenum. The ſolution was therefore ef- 
ſeed by the gaſtric fluid, independently of 
the powers of life. 

CCXXVIII. The experiment was repeated 
upon an owl and a blackbird, which were 
killed immediately after meat had been given 
| them, 
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them, and left ſeven hours in a warm tem- 
perature. The fleſh given to the blackbird 
ad been cut into three pieces, which toge- 
ther amounted to eighty-two grains; the owl 
had ſwallowed halt an ounce and fix grains 
in one piece. Upon opening the ſtomachs, 
I found the four pieces; but the ſurface was 
covered with a ſtratum of mucus, which 
ſhewed, that the fleſh had been diſſolved. 

I thought, that perhaps if the fleſh had re- 
mained a longer time in the ſtomach it would 
be more digeſted ; but this did not happen, 
at leaſt when I repeated the two preceding 
experiments under the fame circumſtances, 
except that the birds were expoſed to the ſun 
for twenty-two hours, I could not perceive, 
that the ſolution of the fleſh was carried any 
further. The entrails emitted a putrid ſmell, 
but this was not the caſe either with the ſto- 
mach or its contents. 1 

CCXXIX. That I might be warranted in 
deducing general conſequences, I reſolved to 
repeat this ſingular experiment upon various 
claſſes of animals, and therefore had recourſe 
to fiſhes and quadrupeds. Of the former, 
the fiſh- market at Pavia only affords the pike, 
un barbel, tench, eel, and the like; but I 
took care to.procure ſuch as were very freſh. 
introduced into the ſtomach various animal 
ſubſtances, as little fiſhes, bits of veal and 
beef, frogs, grubs, &c. and opened them af- 
ter an interval, ſometimes ſhorter ſometimes 
longer. I will give in a few words what is 
jet down at great length in my Journals. 
The part of theſe ſubſtances that lay in the 
*tophagus, a poſition which they often had, 

e was 
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was unaltered; this was ſometimes the caſe 


with that which had got into the ſtomach, 
but it was generally more or leſs eroded. A 
circumſtance reſepcting frogs deſerves to 
be mentioned. The tough ikin of theſe ani- 
mals was often deſtroyed, eſpecially at the 
bottom of the ſtomach; and where it fill 
remained it was ſo much ſoftened, that the 


MNighteſt force was ſufficient to lacerate it. 


Hence it appears, that the gaſtric fluid of 
fiſhes retains its property of diſſolving fleſh, 
but in an inferior degree to that of birds, 
fance it did not diſſolve ſo much. 
CCXXX. The quadrupeds upon which I 


made theſe experiments, were dogs and cats. 


After keeping them faſting many hours, I 


gave them a certain quantity of fleſh, and 
then ſtrangled them without delay. Of three 
dogs and three cats, two of the former and 
as many of the latter were expoſed to the fun 
for nine hours; the others were left in the 
ſhade. In the firſt the ſurface of the fleſh 
was gelatinous as uſual, but in the laſt this 
appearance was ſcarce perceptible. Theſe 
experiments confirm the utility, I ſhould ra- 


ther ſay, the neceſſity of heat to digeſtion in 


many animals. | 

CCXXXI. To conclude: this curious en- 
quiry, I reſolved to ſee what change would 
take place upon fieth when the ſtomach was 
taken out of the body. I made this experi- 
ment upon a cat, a raven, and an owl. av- 
ing fed them ſparingly, I cut out the ſto- 
mach, and threw ligatures round the cardia 
and pylorus to prevent the contents from get- 
ting out. They were expoſed to the ſun in 
l a veſſel 
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a veſſel of water, leſt the heat ſhould dry 
them. In five hours and an half they were 
opened: the water had tranſuded through the 
coats; the ſurface of the fleſh. was a little 
gelatinous, eſpecially in the ſtomach of the 
raven and owl; but the folytion was trifling, 
in compariton with that which took place 
when the ſtomach was left in the body. This 
was what might be expected, when the œſo- 
phagus no longer poured its liquor into the 
ſtomach. | | 
In theſe experiments I did not perceive any 
eroſion of the ſtomach, any more than in thoſe 
made with the view of verifying Mr. Hun- 
ter's (CC XXIV). I only ſaw what I had 
ſeën before (ibid), a flight excoriation of 
the inferior part. We mult therefore infer, 
that the coats of the ſtomach fuffer leſs after 
death than fleſh introduced into it. I ſet be- 
fore an hungry dog ſome pieces cut out of 
the ſtomach of another dog; he ate them 
without heſitation, and was killed immedi- 
ately. After the body had lain in a warm 
ſituation nine hours, the ſtomach was open- 
ed; The pieces were ſenſibly diflolved, but 
no change was produced upon the ſtomach 
of the animal, if we except the large curva- 
ture, which was ſo much macerated, that the 
villous coat might eafily be rubbed off. It 
is, I think, not difficult to aſſign the reaſon, 
why the ſtomachs of dead animals are not 
liable, like their contents, to be diſſolved. 
Theſe bodies are inveſted on all ſides by the 
gaſtric fluid, whereas it acts only on the in- 
ternal ſurface of the ſtomach. | 
Upon reviewing the experiments related in 
the CCXXVth and following paragraphs it 
3 | cannot, 
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cannot, I think, be doubted, that digeſtion 

oes on for ſome time after death. I there- 
10 re entirely agree ſo far with the celebrated 
Engliſh anatomiſt, but I cannot with him 


| * that this function is independent of 


heat (CCXXIII); numberleſs facts related 
in this work fully prove the contray, 


» 


DISSER- 


1 


DISSERTATION VI. 


' WHETHER THE FOOD FERMENTS IN THE 
STOMACH. | 


CCXXXII. 1 WILL now, agreeably to m 

| romiſe in the foregoing diſ- 
ſertation (C NI) enquire whether the food 
ferments in the ſtomach. This opinion Was 
almoſt univerſally adopted by phyſicians about 
the middle of the laſt century, an era at 
which the explanation of the various func- 
tions of the human body was ſought in fer- 
mentations of various kinds, as it had be- 
fore been in a ſubtile matter, as it has ſince 
been in electricity, and is at preſent in divers 
forts of elaſtic fluids. This notion was af- 
terwards combated among others by Boer- 
haave, who found, by direct obſervations, 
that this multiplicity of fermentations did 
not exiſt in nature, but was merely the ſug- 
geſtion of fancy. Of the numberleſs modi- 
hcations of this proceſs, which phyſiologiſts 
had imagined, he admitted only that very li- 
mited and imperfect one, which, according 
to him, takes place in the ſtomach. The 

| TS food 
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food in the ſtomach of animals, and parti. 
cularly of Man, is, in his opinion, in cir- 
cumſtances highly favourable to fermenta- 
tion. The ſaliva and the gaſtric fluid ſerve 
inſtead of water; the free acceſs of air, the 
cloſeneſs and heat of the ſtomach, the nature 
of the food itſelf neceſſarily produce fermen- 
tation, as is farther evident from the eruc- 
tations conſequent upon taking food, and the 
Pars Eoong frequently heard in the belly, 
But the ſhort continuance of the food in that 
yiſcus, and other cauſes, prevent the praceſs 
from being ever carried to its utmoſt pitch. 
CCXXXIII. Thus far only, according to 
Boerhaave and his followers, does the fer- 
mentation of the food proceed in the ſto- 
mach. This limitation has been thought 
too great by Dr. Pringle and Dr. Macbride, 
two celebrated modern phyſicians, They 
find no difficulty in ſuppoſing, that a com- 
plete fermentation takes place in digeſtion, 
and that it is the chief agent in this impor- 
tant function. In their reſearches on this 
ſubject, they have endeavoured to imitate the 
operations of nature out of the hody. They 
took various animal and vegetable ſubſtances, 
ſuch as are uſed every day for food; they 
placed them both'by themſelves, and mixed 
with ſeveral other ſubſtances in a warm tem- 
perature, adding a quantity of water or ſali- 
va. Under theſe circumſtances they found, 
that they ſooner or later began to ferment; 
that this proceis afterwards ran very high, 
then abated, and at laſt ended in the decom- 
poſition of the ſeveral ſubſtances, which ac- 
quired alfo a ſweet taſte. Theſe different 
gradations of fermenta tion were evident from 


the 
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the ſwelling, rarefaction, and inteſtine move- 
ment of the maſs, from the generation. of a 
multitude of air-bubbles, and from the ſub- 
ſtances which at firſt ſunk to the bottom, at 
length floating on the furface of the fluid. 
Theſe experiments firſt made by Pringle, and 
afterwards repeated and yaried by Macbride, 
determined them both to confider digeſtion as. 
a proceſs merely fermentative. Their theory 
is as follows. The food divided by maſtica- 
tion and penetrated by the ſaliva, begins as 
ſoon as it gets into the ſtomach to be agitated 
by that inteſtine movement which always 

accompanies fermentation ; this movement 
is excited by the warmth of the place, by 
old remains of food, by the paſte uid, and 
above all by the ſaliva, which is particularly 
adapted to produce and promote this pro- 
ceſs. The Auſt effect of the inteſtine com- 

motion will be to raiſe the ſolid parts of the 
aliment to the ſurface of the gaſtric liquor; 
here they will be ſuſtained for ſome time by 


the air-bubbles ; but on their ceſſation they 


will fall down again and be thoroughly in- 
corporated with the fluids of the ſtomach. 
The periſtaltic motion, the alternate preſſure 
of the diaphragm and abdominal muſcles, 
and the continual pulſation of the adjacent 
large veſſels will render this mixture ſtill 
more complete. In ſuch a ſtate the food 
paſſes into the ſmall inteſtines, where the 


fermentative motion produces ſtill greater 


changes in conſequence of the mixture of the 
bile and pancreatic juice, And now the va- 
rious kinds of food are changed into a ſweet, 
mild, nutritions matter, which ferments 
brilkly, and is denominated chy/e, In con- 
formity 


tive motion is generated in the mixture, at 


r 
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formity with this theory, theſe phyſicians 
eſtabliſh a new ſyſtem of great importance, 
according to them, in the practice of medi- 
cine. It is ingeniouſly explained by Pringle, 
in his Appendix containing Experiments on 
ſeptic and antiſeptic Subſtances, and by 
Macbride in his experimental Eſſays on the 
Fermentation of alimentary Mixtures. | 

CCXXXIV. The opinion of theſe two 
modern writers have been adopted by many 
phyſiologiſts, while others have {till adhered 
to the doctrine of Boerhaaye, concerning an 
incipient and incomplete fermentation! only 
taking place in the ſtomach; ſo that on this 
ſubject the phyficians of Europe ſeem to be 
divided into two ſects. When ] read Pringle 
and Macbride, I had only made a few expe- 
riments on the digeſtion of ſome animal and 
vegetable ſubſtances encloſed in tubes by gal- 
hnaceous birds (XXXIX, XL, XLI, XLII., 
XLIII); and I began to perceive, that the 
gaſtric juice acted as a menſtruum upon the 
food. But I could not learn from theſe ex- 
periments, whether fermentation takes place 
at the time they are diſſolved. As indeed the 
gaſtric fluid is a ſolvent, it may act jndepen- 
dently of fermentation; chemiſtry affords 
numerous inſtances, in which there is no to- 
ken of fermentation during the decompoſi- 
tion of the folvend. But there is no abſur- 
dity in ſuppoſing, that an inteſtine fermenta- 


the time the gaſtric fluid diſſolves the ali- 
ment. And in this caſe, fermentation would 
accompany digeſtion, though it would not 
according to the doctrine of Pringleand Mac- 
bride (CCXXXIII), be the efficient _ 
In 


A 1 


In order to obtain information concerning 


this phænomenon which I had not noticed, 
J had recourſe to further experiments. As 


the theory in queſtion is entirely founded on 
the fermentation of animal and vegetable 
matters in veſſels, I ſet in glaſs phials bread, 
fleſh, and ſaliva; bread, fleſh, and water; 
flour, faliva, and fleſh; for in theſe mixtures 


the writers above- mentioned obſeryed the moſt 
rapid fermentation. The phials were ſtop- 


ped, and ſet in a place where the heat amount- 
ed to 20%—24* (a). The mixtures began, 


| ſome ſooner and others later, to emit air- 


bubbles, which ſoon increaſed in frequency 


and fize; the ſurface of the liquor was co- 


vered wyith froth, which continued as long as 


the air was ſeparated. During this time the 
maſs ſwelled greatly, the inteſtine commoti- 
on was manifeſt; and the ſubſtances immerſed 


being made- ſpecifically lighter by the air- 
bubbles that adhered to them and the increaſe 
of bulk, roſe to the ſurface of the fluid. 
Here then the tokens of fermentation were 
apparent, and ſo far I entirely 'agree with 
Pringle and Macbride. | 

C&XXXV. But ſound logic forbade me to 
allow ſo readily, that the ſame proceſs takes 
place in the ſtomach. I had indeed many 
reaſons for withholding my aſſent. Not to 


mention the ſhort continuance of the foad in 


that viſcus, a circumſtance which did not 
eſcape Boerhaave (CCXXXII), I confidered, 
that although the faliva produces and pro- 


motes fermentation, the gaſtric fluid may not 


(a) Seventy-ſeven and eighty-{ix deg. of Fah, Ther. 
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have this property. Though the gaſtric fluid 
conſiſts in part of ſaliva, yet as there are ſe- 
veral other ingredients, a compound muſt be 
formed with properties different from thoſe 
of its conſtituent parts. I have adduced many 
inſtances to prove, that the gaſtric fluid re- 
tains in ſome meaſure its ſolvent power out 
of the body; but the faliva never exhibited 
any ſuch property. I have already ſhewn, 
and ſhall ſtill more clearly ſhew in the ſequel, 
that fleſh immerſed in the gaſtric fluid is not 
liable to putrefaction; but when put into ſa- 
liva, it putrefies ſooner than in water. This 
was one of my motives for not immediately 
adopting the ideas of Pringle and Macbride, 
were to be wiſhed, that theſe phyſicians 

h ade trial of the gaſtric liquor alſo, be- 
fore they concluded, that what they obſerv- 
ed in veſſels takes place likewiſe in the ſto- 
mach; nor can I well conceive, how they 
both came to overlook a circumitance of ſo 
great importance. Moreover we know, that 
reſt is neceſſary to fermentation ; but the ſto- 
mach, beſides the motion of the whole body, 
has a movement peculiar to itſelf, Laſtly, 
ſhould fermentation once begin, it muſt in 
all likelihood be ſoon ſtopped by the freſh ſa- 
liva and gaſtric liquor that are running per- 
petually, and in no {mall quantity, into the 
ſtomach. Theſe two laſt objections have 
been already ftarted, though nobody, as far 
as I know, has taken the pains of verifying 
them by experiment. But as the queſtion - 
could be decided in this way only, I deter- 
mined to undertake to ſupply the omiſſion. 
CCXXXVI. I have already ſpoken of ar- 
tificial digeſtion in ſeveral paſſages. Experi- 
N ; ments 


Fd 
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ments of this kind afforded me an excellent 


opportunity of obſerving, whether the ſolu- 


tion of fleſh out of the body was accompa- 
nied by fermentation, and I never failed in a 
fingle inſtance to attend to this circumitance. 


I found, that when the veſſels remained at 
reſt, a few ſmall air-bubbles began to ariſe 
in the ſpace of a few hours; they afterwards 
became larger and more frequent, and ad- 
hering to immerſed ſubſtances, cauſed them 
to riſe to the ſurface of the liquor. This air 
was either entangled in the mixture, or, ac- 
cording to Pringle and Macbride, formed 
part of it, was extricated, and rendered elaſ- 
tic by the heat, or what ſeems more probable, 
came from both theſe ſources. The mix- 
tures either ſunk, again or continued to float, 


while they were diſſolved by the gaſtric men- 


ſtruum; not the ſhghteſt. inteſtine motion 
was ever perceptible, juſt contrary to what 
happens when faliva is employed. If I now 
and then ſhook the veſſel a few hours after 
making the infuſion, very few air-bubbleg 
were generated, and the mixture hardly ever 
roſe to the ſurface, though it was juſt as 
well diſſolved as when the veſſel remained at 
perfect reſt. I find vi my Journals, that. I 


agitated the veſſels upon fourteen ſeveral oc- 


cations without obſerving the ſmalleſt diffe- 
rence in the reſult of the experiment. 

could not therefore allow, that fermentation 
was the efficient cauſe of theſe artificial di- 
geſtions, nor even that it was a concomitant 
circumſtance, or an effect; and freſh experi- 
ments inclined me more and more to reject 
this opinion. I have already mentioned the 
great abundance of gaſtric fluid in crows, and 
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„ DISSERTATION vo, 
the facility with which they digeſt theit 
food, more eſpecially neſtlings (LXIX, 
LXXXIII). Among the various trials ] 
made with this fluid out of the body, I en- 
deavoured to renew it, as it is renewed in the 
ſtomach. Several glaſs tubes were filled with 
it to a certain height, and ſuſpended in a ver- 
tical poſition; into the upper extremity a 
ſmall funnel was put; ſome gaſtric fluid was 
poured into it from time to time, the nar- 
rowneſs of the orifice of the funnel allowed 
it to fall only drop by. drop into the 
tubes. The lower extremity of the tubes was 
not cloſely ſtopped, that nearly as much 
might run out below as fell in from above. 
Matters being thus arranged, I immerſed in 
the tube fleſh and bread, both by themſelves 
and mixed together. The ſolution was ex- 
ceedingly ſpeedy, on account both of the 
warmth of the atmoſphere, and the conſtant 
renewal of the gaſtric fluid. Notwith- 
ſtanding the tubes remained at perfect reſt; 
only a tew air-bubbles were diſcharged; not 
the leaſt inteſtine motion could be perceived; 
the fieth and bread fell immediately to the 
bottom, and remained there till they were 
gradually incorporated with the gaſtric fluid: 
in ſhort, they were digeſted without a fingle 
circumftance occurring that uſually attend 
fermentation. | 
CCXXXVII. If this proceſs does not take 
place out of the body, it ſeems highly impro- 
bable that it ſhould within; however, to be 
certain of this, it was proper to confult 
the ſenſes. Is digeſtion, according to Pringle 
and Macbride, a fermentative proceſs ? Let 
us then inſpect it while it is going on, by 
| | ſurprizing 


* 


r r 


we 
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ſurprizing Nature in her operation, and ſee- 


ing in what it conſiſts. With this view, 1 
gave four hens that had been _ faſting 


twelve hours, ſome wheat, and in five hours 
opened the gizzard without killing them. 
This method I practiſed in the following ex- 
periments, being apprehenſive leſt opening 
the animal after death might not anſwer the 
end J had in view. Both gizzards were full 
of grains of wheat moſtly broken, and mix- 
ed with a ſemifluid farinaceous paſte. The 
orifice of the pylorus and great part of the 


duodenum was full of the ſame paſte, which 


had not in this caſe much fluidity. Upon 


_ examining this paſte, both with my naked 


eye and the microſcope, I could not perceive 
any ſign of fermentation ; the parts were at 
erfect reſt, and entirely free fromair-bubbles. 


waited three hours longer before I open- 


cd the gizzards of "the other two ducks, in 
orger to ſee whether what had not taken place 
at the beginning of the proceſs, might not 


have happened when it was further advanced. 


In this caſe, the paſte was more diluted with 
gaſtric liquor, and of the grains of wheat 
little was left but the bran; I obſerved no 


more inteſtine motion or air-bubbles than 
before. 


CCXXXVIII. My next experiment was 
made upon three ravens that had not yet 
quitted the neſt. Two hours after I had fed 


them with beef, I opened the ſtomach of one 


of them. The fleſh was half diſſolved, but 
I could not perceive any fign of fermenta- 
tion. I made the fame obſervation upon the 
two others, which were, 2pened an hour 
and three quarters afterwards, notwith- 
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ſtanding the digeſtion was complete; for lo- 
thing remained in the ſtomach but a denſe 
grey fluid, conſiſting of fleth diffolved in the 
gaſtric fluid. * „%% ͤ ðò RO 
Of animals with membranous ſtomachs Jex. 
amined an owl, ſeveral dogs, cats, and land and 
water ſnakes, endeavouring always to make my 
obſervations at three diſtinct times, at the be- 
ginning, towards the middle, and at the end 
of digeſtion. But at no time did J perceive 
any tendency to fermentation. In one dog 
and one cat only did I obſerve a few air- bub 
bles among the food after it was completely 
digeſted; but there was not the leaſt inteſ- 
tine motion perceptible. Serpents, animals 
to flow of digeſtion, were well adapted to 
ſhew the progreſs of this function; but nei- 
ther did they form an exception to the gene- 
ral obſervation. Theſe facts obliged me to 
reject the opinion of the Britiſh phyficians 
and their followers; nor do I know whether 
that of Boerhaave is admiſſible, who, while 
he excludes a complete, infers an incipent 
fermentation, from the erucations that ariſe 
after taking food (CCXXXII) ; but this may 
be occaſioned by the rarefaction of the air 
entangled among the aliment, by the mere 
heat of the ſtomach. 5 
CCXXXIX. Modern chemiſts have diſ- 
tinguiſhed three ſpecies or degrees of fer- 
mentation, the vinous or the ſweet, the ace- 
tous, and the putrid. As they eſſentially con- 
fiſt in an inteſtine motion excited by heat 
and a proper degree of moiſture (a), and as 


(a) Macquer Dict. Art. Fermentation. 
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no ſuch motion can be ſeen in the food in 
the ſtomach, it follows, that not even the 


vinous, much leſs the acetous'or putrid takes 


place in digeſtion. It remains to be enquired, 
whether this function is connected with a 
principle of acidity, as ſome ſuppoſe; or of 
putrefaction, according to others; I ſhall ſtate 
che facts which appear to favour each of theſe 


opinions. In behalf of the firſt, its advo- 
cates adduce acid eructations and vomitings 


from the human ſtomach, that diſagreeable 


acid ſmell which is exhaled from the ſtomachs 


of granivorous birds and ruminating ani- 
mals, the acetous taſte of the internal coat; 
the diminution of the bulk of the contents 
of the ſtomach of man and animals, not to 
mention other arguments that may be ſeen 
in modern phyfiologiſts, and eſpecially in 
Haller, „ FT 

_ CCXL. The prodigious number of ſtomachs 
have opened, have afforded me opportuni- 


ties of acquiring full information on this 


point. In animals ſtrictly carnivorous, ſuch 
at birds of prey and ſerpents, the food never 
appears acetous, either to the taſte or ſmell 
during the time of digeſtion. The ſame ob- 
ſervation will apply to frogs and fiſhes ; and 
it may be extended to omnivorous animals, 


ſuch as crows, when they feed upon fleſh; 


but the pultaceous maſs reſulting from vege- 
tables, and in particular from bread, now 
and then acquires a flight acidity. I have 
found the ſame taſte in two dogs, and more 
frequently in herbivorous animals, ſuch as 
ſheep and oxen; and alſo in thoſe which are 
at once herbivorous and granivorous, viz. in 
the gallinaceous kind; and in the laſt- men- 

. I. tioned 
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tioned claſs, not only. the food in the ſto- 
mach had an acetous taſte, but that in the 
craw.likewife. In the third diſſertation will 
be found ſome inſtances of this (CXXXIX, 
Cx. CALI, CXLIH). Wich reſpet;t 
Man, I will relate what has happened to my- 
ſelf. During the whole month of May and 
great part of June, I cat ſtrawberries with 
ſugar and white.wine at dinner-and ſupper. 
From this agreeable mixture.I never experi- 
ence any inconvenience in the day-time; but 
by what I eat in the evening my fleep is fre- 
quently diſturbed ; the contents of my ſto- 
mach riſe almoſt into my mouth, and then fall 
back again, leaving a moſt diſguſting ſour 
taſte behind. This unpleaſant circumſtance 
does not, however, prevent me from recover- 
ing my reſt, and digeſting my food perfectly. 
I have beſtdes many times been ſubject to a 
like difagreeable ſenſation, after eating too 
much fruit in ſummer and autumn. Every 
man muſt ſome time or other have been ſen- 
ſible of his meat and drink having turned 

m_— | 
'CCXLI. I was further defirous of know- 
ing, whether the acid principle ſometimes 
found in the ſtomach, is capable of diſſolving 
calcareous earth, and FER other bodies as 
acids at upon. I accordingly gave ſome car- 
 nivorous birds pieces of coral and ſea-ſhells, 
and they were tarown up without any change 
of colour, or diminution of weight. Thus 
was what might be expected. I next made 
the ſame experiment on a hen and a turkey, 
which wefe killed in two days. The coral 
and ſhells were very much corroded, and the 
former was reduced to pieces; but a mo- 
| ME ment $ 
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ment's reflection ſhewed me, that the corro- 
fon might be owing to the action of the ſto- 
mach, and not to an acid. The doubt, how- 
ever, might eafily be removed, by encloſing 
the ſame ſubſtances in ſtrong metallic tubes. 
The reſult of ſeveral experiments made in 
this manner was, firſt, that the pieces of co- 
ral and ſhell were almoſt always diminiſhed; 
but the diminution ſcarce ever exceeded three 
or four grains: ſecondly, that the ſurface 
was ſoftened; and thirdly, that it was turned 
black, eſpecially in the coral. I immerſed 
at the ſame time the ſame ſubſtances in di- 
luted vinegar, and as ſimilar effects were pro- 
duced, and particularly the black colour, I 
inferred, - that the phenomena roſe from a 
like cauſe ; laſtly, T repeated the experiment 
on myſelf. The tubes were covered as be- 
fore (CCVIII), to prevent any feculent 
matter from getting into them. They were 
all voided without inconvenience. When I 
ate fleſh, with the addition only of a little 
bread, the ſubſtances contained vere neither 
diminiſhed nor altered in their colour. But 
upon eating a large quantity of different ve- 
getables, the coral and ſhells were generally 
diminiſhed and darkened. Theſe facts prove 
the preſence of an acid principle in the ſto- 
ms . of ſome nne; 22 
t is, however, not , but nds on 

the quality of the Fa. : 
CCXLII. This acid ſoon diſappears. I 
gave ſeveral gallinaceous fowls ſome bread at 
the ſame time. The ſtomachs were examin- 
ed at different intervals, viz. two, three, three 
and an half, four, and five hours afterwards. 
As long as the bread 5 its conliſtence, 
"' it 
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it was frequently acid; but as foon as it was 
reduced to chyme this taſte was totally loft. 
Nor could I perceive the leaſt fign of it in 
that which had paſſed into the duodenum. 
I made upon myſelf the following obſerva- 
tion. | 
When the unpleaſant acid taſte mentioned 
above (CCXL) came into my mouth in con- 
ſequence of eating ſtrawberries, I kept my- 
ſelf awake twice during the remainder of the 
night. Acid eructations continued to ariſe 
for ſome time; they at laſt ceaſed ; yet from 
a ſenſe of weight I knew, that the contents 
of the ſtomach were not entirely digeſted ; 
but the flatulence that came from them had 
no longer the ſlighteſt acidity. | 
CCXLIII. But what produces this acidity 
in the ſtomach? Does it come from the gaſ- 
tric fluid, or from the food? There are good 
grounds for rejecting the former, and admit- 
ting the latter of theſe origins. In the firſt 
place, this acidity does not appear on all oc- 
caſions; I never could obſerve it arifing from 
fleſh. Now if it came from the gaſtric fluid, 
why ſhould it not be communicated to every 
kind of food, ſince every kind is alike impreg- 
nated withit ? Secondly, when Tate vegetables, 
the effects of an acid in my ſtomach were ap- 
parent, but not when I ate fleſh (CCXLI). 
Thirdly, when vegetable food is completely 
diſſolved by the gaſtric fluid, it then loſes all 
acidity (CCXLII). Laſtly, it acid bread be 
encloſed in tubes and given to a crow, when 
it is thrown up four or five hours afterwards, 
the little that remains inſtead of being ſour, 
is now turned ſweet. 
| CCXLIV. 
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_ CCXLIV. Notwithſtanding theſe proofs, 
that this acidity is not owing to the gaſtric 
fluid, but to the tendency the food itſelf has 
to turn ſour whenever it is in a warm tempe- 
rature, 1s it not ſuppoſed, that this fluid both 
in Man and animals is of an acid hature? 
Have not moſtof theantientand many moderh 
phyſicians ſubſcribed to this opinion? I 
ſhould therefore have incurred the reproach 
of negligence, if I had not undertaken a 
chemical analyſis of it. The gaſtric fluid of 


_ every animal mentioned in theſe diſſertations, 


not excepting my own, was ſubmitted to 
the following experiments. Having taken 
the precautions above deſcribed ( LXXXI, 
CCXV), to procure it in a ſtate of purity, I 

dropped it upon falt of tartar. per eee 
and into the nitrous and marine acids, without 
ever perceiving any change of colour, any 
motion or efferveſcence; whence I was oblig- 
ed to infer, that the gaſtric fluid is neither 
acid nor alkaline, but neutral. I thought it 
would alſo be proper to ſubject thoſe kinds 
which could be procured in large quantity, 
as that of the crow, to the action of fire; I 
therefore entreated my illuſtrious colleague 
and friend, Counſellor Scopoli, to undertake 
the analytis, as he was not only provided with 
the proper apparatus, but eminent for his 
{kill in chemiſtry, of which ſcience he is de- 
ſervedly public profeſſor. He complied with 
my e . ws in a few days favoured me 
with the following account. | 


1 Chemical 
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Chemical Analyſis of the Gaſtric Fluid of the 


LOW. 


* The liquor is turbid, and of a darkiſh co- 
Tour. When ſhaken it emits a ſmell rather 
dilagreeable. 

WM hen triturated with quick-lime or falt of 
tartar, a fetid urinous odour 1s exhaled. 

It does not efferveſce with either of the 
mineral acids. It gives rather a green hue to 
ſyrup of violets. | 
Two drachms expoſed to a gentle heat left a 
dark-coloured ſediment weighing two grains, 
which attracted the humidity of the air. 
This refiduum had a nauſeous ſmell. It did 
not efferveſce with acids. - 
I next filtered and diſtilled it. A darkiſh 
matter was left upon the filter, which, when 
it was dried, appeared in the form of a nut- 
brown powder, of a ſalt and bitter tafte. 

The Raaof which paſſed into the receiver 
was divided into five portions. The firſt had 
a {light taſte, and an empyreumatic ſmell. The 
ſecond had a ſtronger taſte and ſmell. The 
third, fourth, and fifth reſembled the ſe- 
cond, but the laſt had the ſtrongeſt empy- 
VV 
Ihe belly of the retort was almoſt entire- 
ly covered with a white ſaline ſubſtance, 
which upon being triturated with -quick-lime 
emitted a fetid urinous ſmell. In the bottom 
there remained a tough dark-coloured ſub- 
ſtance, reſembling an extract. It did not ef- 
ferveſce with acids; its ſmell was empyreu- 

| matic, 


I 
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matic, and its taſte ſalt, bitter, and nauſeous. 
This falt is neither acid nor alkaline, for it 
does not efferveſce either with acids or al- 
kalies ; but when a little oil of tartar per de- 
liguium is mixed with it, it emits a penetrat- 
ing urinous odour, exactly like that of fa] 
ammoniac. 

From theſe experiments we may conclude, 
that the gaſtric fluid contains, firſt, a pure 
water; ſecondly, a ſaponaceous and gelatinous 
animal ſubſtance; thirdly, ſal ammoniac; 
fourthly, an earthy matter like that which 
exiſts in all animal fluids. 575 

The ſaponaceous ſubſtance altered by fire 
emits that unpleaſant empyreumatic ſmell. 

The fal ammoniac being enveloped by the 
ſoapy matter does not fable as it does 
when not entangled by other ſubſtances. 
The gaſtric fluid of the crow precipitates 
ſilver from nitrous acid, and forms luna cor- 
nea. This phenomenon might induce us to 
ſuppoſe, that common falt exiſts in the gaſ- 
tric fluid; but as the falt contained in this 
fluid is not common falt but ſal ammoniac 
we muſt ſuppoſe, that the filver is ſeparate 
from the nitrous, on account of its ſtronger 
attraction for the marine acid, which alſo far 
exceeds the attraction of the volatile alkali 
for the latter acid. e 

I wiſh you would repeat theſe obſerva- 
tions on the gaſtric fluid of animals feeding 
only on vegetables. If in this alſo fal ammo- 
niac ſhould be found, we muſt conclude, that 
the marine acid is generated by the animal 
powers; and we might ſuſpect, that the ma- 
rine acid of ſea falt is produced by the ani- 
— 345 8 4 mals 
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mals that inhabit the ocean. This is how. 
ever a mere conjecture, kj 


Jam, &c. 


ScopoLI.“ 


A little after I had received this account 
from my celebrated colleague, I quitted Pa- 
via, to ſpend the ſummer vacation in my own 
country, where I had no opportunity of mak- 
ing experiments on the gaſtric fluid of any 
animal ſtrictly herbivorous, though I earneſtly 
wiſhed for it. I obtained, however, fatisfac- 
tory proofs from the raven, that the ammo- 
niacal ſalt does not depend on animal food, 
but on the powers of life, I fed five ravens 
for fifteen days on vegetables alone, and then 
by means of ſpunges procured a quantity of 


_ gaſtric fluid, which 1 6 þ 8 would have 


no properties that could be aſcribed to 
animal food. When I made with it the 
experiments deſcribed above, it did not 
appear to be acid or alkaline; it had a ſalt 


| taſte, and upon pouring a few drops into 


a ſolution of ' ſilver in the nitrous acid, 
luna cornea was precipitated, There is 
therefore every reaſon to ſuppoſe, that if this 
fluid was diſtilled, fal ammoniac would be 
obtained; and therefore, that the marine acid 
is the product of the animal powers. But 
whatever we are to think either of this of 
the other 5 conjecture of my col- 
h have indeed little connection 


with our preſent enquiry, it is certain, Dar 
| rom 


+ 


4 << < 1 4 3 +> 


tin doen road ⅛«̃]«˙ſ ] ⅛ð] d dn de des ea hr 


DISSERTATION M. 369 


from his and my experiments, that the gaſ- 
tric fluid is not either acid or alkaline, he 
neutral. 

_CCXLV. But I mult not conceal thoſe ar- 
guments which are adduced to prove, that 
there 1s a latent acid in this fluid, though it 
cannot be detected by any of the ordinary 
chemical means, It is well known, that a 
ſmall quantity of acid will curdle milk, an 
effect produced in the ſtomach of animals, 
and of ſucking calves in particular, in which 
caſe we cannot ſuſpect any vegetable acid to 
be preſent ; the phznomenon muſt, therefore, 
be attributed to the latent acidity of the gaſ- 
tric fluid. And as it is continually ſecreted 
by the internal coat of the ſtomach, we can- 
not be ſurprized, that this coat in ſome ani- 
mals ſhould retain the property of curdling 
inilk. This is well known to cooks, wh 
when they have no rennet, take the innermo 
coat of the ſtomach of a fowl and ſteep it in 
water; which water, when thus impregnated 
with the juice of the ſtomach, will ſerve for 
turning milk as well as rennet itſelf. 

Hence ſome have ſuppoſed, that the ſto- 
mach contains a latent acid. My firſt ſtep 
was to aſcertain the fact. I therefore triturat- 
ed the internal coat of a hen with water, 
which was thus rendered turbid, and in an 
hour and a half curdled a quantity of milk. 
The ſame effect was produced by the internal 
coat of other gallinaceous birds, viz. the ca- 
pon, turkey, duck, gooſe, pigeon, partridge, 

uail, treated in the ſame manner. I further 

iſcovered, that this property belongs alſo to 
intermediate and membranous ſtomachs, by 
experi- 
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experiments on that of the crow, heron, birds 
of prey, the rabbit, the dog, cat, various 
reptiles, and ſeveral ſcaly fiſhes. In thefe 
trials the ſtomachs were freſh. I next tried 
driedones, chiefly taken from the gallinaceous 
claſs, which being almoſt of the conſiſtence 
of horn, become dry in a very ſhort ſpace, 
and at the fame time exceedingly brittle. 
The reſults were the fame as before. Nor 
did it make any difference, if they had been 
kept ever ſo long. I have had for three years 
the internal coats of the ſtomach of ſeveral 
fowls, and upon triturating them with wa- 
ter, while I am writing, they curdle milk as 
well as at firſt. If they are pounded and 
mixed with milk, they anſwer the purpoſe 
equally well. 3 
CCXLVI. But is this property confined to 
the internal coat? It was eaſy to determine this 
I treating rhe others in the ſame manner, 
he nervous coat has this property in ſome 
degree, but falls far ſhort of the internal. 
Whether cut into ſmall pieces and macerat- 
ed in water, or 4 immediately with 
milk, the effect is not ſo ſpeedily produced, 
nor ſo conſiderable, nor are the curds ſo 
hard. The muſcular and cellular coats have 
not this property in the ſmalleſt degree, at 
leaſt in gallinaceous birds, upon which theſe 
experiments were made. ence it would 
ſeem, that it reſides in the internal coat ſole- 
Jy ; for the effects produced by the nervous 
coat, may be owing to its lying in contact 
with the former. 8 
CCXLVII. But is this property inherent in 
the internal coat, or adventitious, and W 
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the gaſtric fluid with which it is impreg- 


nated? I incline to the latter opinion, 
ſince the gaſtric fluid ſo readily curdles milk. 
I ſhould weary my reader, was I to recount 
all my experiments. I will therefore only 
ſay, that the gaſtric fluid, from whatever ani- 
mal it was obtained, poſſeſſes this property, 
whether I procured it by ſpunges, by open- 
ing the ſtomach ande it out of the 


glands, and the mouths of the little arteries, 


with which this viſcus in general abounds. 
I have further found, that the gaſtric fluid 
need not be freſh. That of crows, at leaſt, 


preſerves its virtue for three months. 


CCXLVIII. But is ita neceſſary conſequence 
of theſe experiments, that the gaſtric fluid con- 
tains an acid? As no chemical teſt ſhews this 


quality, there can be no juſt motive to ad- 


mit it, unleſs it can be proved to be a neceſ- 
ſary conſequence of the curdling of milk. 
This is maintained by the illuſtrious Mac- 
quer among others, who is of opinion, that 
whatever bodies of the animal and vegetable 
kingdom coagulate milk, have either a mani- 
feſt or occult acidity (a). 

The foundation of this opinion is the com- 
mon obſervation, that acids are the ſole cauſe of 
the curdling of milk. To this reaſoning, I 


ſhall only oppoſe a ſingle fact: I have diſco- 


vered, that though ſeveral animal ſubſtances 
are incapable of producing this effect, yet 
others have this property. Thus for inſtance, 
if the blood or bile of a turkey be mixed 


with milk, it will retain its fluidity ; but 


() Art. Milk. 5 
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Pe of the heart, liyer, or lungs of that 
ird, will curdle it readily. This obſervation 
is not merely owing to accident; I have made 
the experiment repeatedly with different tur- 
kies, and always with the ſame ſucceſs. If 
therefore the coagulation of milk be always 
owing to an acid, we mult ſuppoſe an acid in 
the heart, liver, and lungs of the turkey, 
IT am not ignorant, that many chemiſts, in 
oppolition to the Boerhavian ſchool, think a 
real acid exiſts in the different parts of ani- 
mals, and particularly in the blood ; but ac- 
cording to this hypotheſis, I cannot com- 
prehend, why. the blood of the turkey and 
other animals does not coagulate milk. With 
reſpe& to the latent acid of the gaſtric fluid, 
I ſhall very willingly leave my readers to 
adopt what opinion they ſhall think moſt 
probable. The milk I employed for my ex- 
eriments, was ſometimes that of the ſheep, 
ut generally of the cow. It curdles ſpon- 
taneouſly, as every one knows, ſooner or later, 
according to the temperature of the atmo- 
ſphere. When I mixed it with gaſtric juice, 
or any other fluid, I always left another por- 
tion by itſelf. In the "at caſe, the co- 
agulation ſoon took place without any ſign of 
acidity, whereas milk alone required ſeveral 
hours, and ſometimes a day or two, and the 
coagulum had always an acid taſte. 
CCXLIX. But it is time to conſider the rea- 
ſons adduced by others, to prove that digeſtion 
is attended with an incipient putrefaction. 
Theſe reaſons are founded upon facts related 
by different authors, and detailed in 5 
| order 
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order by Haller, in his great work (a). No- 
thing, according to them, can be more evi- 
dent, than the ſigns of putrefaction during 
digeſtion. The ſtomach of a hyena and of 
a ſerpent, have been obſerved to emit an in- 
tolerable ſtench. The breath of the lion and 
eagle is very fœtid, as alſo that of the dog, 
when digeſtion has been prevented by the ex- 
hibition of opium. A dog without taking 
opium, was obſerved to admit an odour of 
excrement from his ſtomach; the food in 
the ſtomach of birds has nearly this ſmell. 
The ſame obſervation has been applied to 
fiſhes; and the inſtance of a dog-fiſh has 
been adduced, of which the ſtomach was full 
of a fœtid jelly, that contained the food diſ- 


| ſolved. The contents of the human ſtomach 


ſometimes become fœtid. Vegetable ſub- 
ſtances alſo degenerate into a putrid mals, 
when they continue long in the ſtomach, as 
N from the putrid ſmell they exhale, 
the green colour they impart to tincture of 


mallows, and the alcaline principle they af- 


ford on diſtillation. | 

After having related theſe facts, the Swiſs 

hyſiologiſt proceeds to give his own opinion. 

e thinks, that in digeſtion there 1s only 
an incipient, not a complete putrefaction; 
which only takes place when the food remains 
a long time in the ſtomach; as is evident from 
the facts juſt mentioned. He alſo ſuppoſes, 
that the change produced by the digeſtive 
powers, eſpecially in the human ſtomach, ap- 
proaches nearer to putrefaction than aceſcen- 
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cy; this he infers, from the putrid ſmell that 
exhales from fleſh found in the ſtomach of 
ſome animals, notwithſtanding there has been 
no impediment to digeſtion (2). This opi- 
nion, adopted before Haller by Boerhaave (5), 
has moreover been received by two celebrated 
writers, Gardana (c), and Macquer (d). 
CCL. Notwithſtanding the reſpectable au- 
thority of theſe writers, I do not think the 
facts adduced ſufficient to perſuade an im- 
artial philoſopher; they are not only too 
= but were obſerved by mere accident; 
nor had the obſervers the ſmalleſt intention 
of entering into a full diſcuſſion of this point. 
Though the time requiſite for digeſtion in 
different animals is different, yet in many it 
docs not exceed five or {ix hours, and in ſome 
is {till ſhorter. Now it ſeemed proper to exa- 
mine what change fleſh ſet to-putrify, would 
undergo 1n that ſpace of time; I therefore 
took tome freſh veal cut into ſmall pieces, 
and put it in a phial of water, which was ſtop- 
ped with paper. The phial was put into a 
ftove, where the mercury roſe to between 
30 and 35 33 3 
About the beginning of the fourth hour, 
the fleſh had loſt its red colour, and was turn- 
ing blue. It was alſo become flabby, but for 
nine hours it had no putrid ſmell. Mutton 
and beef, in ſeveral trials, did not anſwer to 


e. | 
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this time exactly, but no bad ſmell was ever 


perceptible for eight hours. Theſe experi- 
ments ſhew, that fleſh eaten by many ani- 
mals, among which Man may be enumerated, 


has not time to run into the putrefactive fer- 


mentation, eſpecially as the temperature of 
animals 1s lower than that to which theſe ſe- 
veral ſorts of meat were expoſed. However, 
for greater certainty, I made the following 
trials. I have before mentioned introducin 
into the ſtomachs of crows, pyriform = 
veſſels, of which the ſmall end was open, and 
came out at the mouth (LXXXIX). 

I now took two of them, and putting ſome 
beef, with a little water, into one, = ſome 
veal into the other, forced them down the 
throat of the crows. In order to examine the 
ſtate of the fleſh, I now and then drew them 
up, and immediately returned them. Between 
the ninth and tenth hours, the beet emitted 


an odour, which though it could not be call- 


ed putrid, was diſagreeable. At the expira- 
tion of the tenth hour, there was a diſtinct 
putrid ſmell that became gradually ſtronger 


and ſtronger. In a day the fleſh turned livid, 


acquired a nauſeous taſte, and the particles 
began to ſeparate. The ſame appearances 
took place rather ſooner in the veal. It there- 
fore appears, that fleſh in the heat of this ſpe- 
cies of bird requires a longer time to putrify, 
than to be digeſted. After the glaſs veſſels 
were taken out of the ſtomach, I gave one of 


them the ſame quantity of beef and veal ; and 


upon opening the ſtomach in three hours, 


found that it was entirely conſumed. _ 
"4 
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CCLI. Theſe experiments prove, that no 
putrid tendency 1s ever rs gie by meat dur- 
ing digeſtion. Nor did I ever perceive 

ſuch tendency in food lying in the ſtomach 
(LXV, CCTX); yet as I kad never made ex- 
periments for this expreſs purpoſe, and as 
ſome phyſiologiſts adduce facts to prove the 
contrary (CCXLIX), I was under theneceffity 
of examining the ſtomach of various animals, 


with this fole view. 


Four hens were fed with kid, and in two 
hours one was killed: the ſtomach was full; the 
fleſhſtill retained its natural ſweetſavour, which 
at the ſurface was mixed with a bitteriſh taſte, 
occafioned by its being impregnated with the 

ric fluid. It had no ſmell, except that 


-of this fluid. An hour afterwards the ſto- 


mach of another hen was examined; and here 
the fleſh was beginning to be converted into 
4 gelatinous paſte, its fmell was rather diſ- 


| agreeable; I know not how to deſcribe it, 


but it was not at all penetrating, or putrid;; 
the colour was ſtill reddiſh, it had not the 
leaſt nauſeous taſte, nor did it efferveſce with 
acids, or change the colonr of ſyrup of vio- 
lets. Thus we fee; it ſhewed no ſign either 
of incipient, or advanced putrefaction. In 
another hour the third hen was killed: the 
ſtomach contained a pultaceous maſs, more 
fluid than in the former caſe; but there was 
not the ſmalleſt token of putrefaction, any 
more than in the fourth hen, which was open- 
ed three hours afterwards, when the craw 
was empty, and the contents of the gizzard 


were now diftolved. 
| CCLIL 
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CCLII. Some frogs juſt killed were ſet be- 
fore two herons ; the birds being hungry, de- 
voured them greedily. In fix hours one o 
them was opened ; but whether the. tough- 
neſs of the ikin retarded digeſtion, or whether 


that proceſs is ſlow in herons, the frogs had not 
loſt their ſhape ; though the heads and limbs 


were either ſeparated, or on the point of being 


ſeparated from the trunk, and the fleſh was 
become very ſoft. The taſte, except the uſual 
bitterneſs, had nothing nauſeous, and the 
ſmell was by no means putrid. I waited five 


hours longer before I killed the ſecond, when 
I found but little fleſh in the ſtomach, and 


that little was entirely decompoſed, but did 


not emit the leaſt putrid ſmell. 

If fowls and herons afforded no token of 
putrefaction, much leſs could I expect it from 
the birds upon which my next trials were 
made; I mean, young owls, which digeſt 
fleſh in three, or at moſt four hours. A young 
dog and cat were next fed, at the ſame time, 
with boiled beef. The former was opened in 
four hours and an half. The ſtomach was 
full of a maſs of ſoftened fleſh, which emit- 
ted a very flight ſmell, exactly reſembling the 
ſmell of the gaſtric fluid. The itomach of 
the cat was opened in five hours and an half, 
and was found to. contain ſome remains of 
fieſh, or rather a pulpy matter, which as in the 
former caſe, had the ſmell of gaſtric fluid. 
The fleſh, when nearly digeſted, did not 
change the colour of ſyrup of violets, or effer- 
veſce with acids. 

CCLIII. There are animals which retain 
the food in the ſtomach for a much longer 
n 5 5 time, 
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time, as the falcon. Of that upon which 1 
made ſo many experiments, I have already ob- 


ſerved, that it would devour a whole pigeon 


at once, and continue without food the whole 
day afterwards (CLX). Whence, as alſo from 


its great bulk, we may infer, that the fleſh re- 


mains a long time in the body before it is 


entirely digeſted. Some months after this 


was killed, another of a difterent ſpecies fell 


into my hands; it was of a larger ſize, and 


had no craw, ſo that the food paſſed imme- 


 diately into the ſtomach. Notwithſtanding 


it was pretty tame, and therefore valuable, yet 
I facrifhced it for the fake of theſe experiments, 
eighteen hours after it had devoured a chicken. 
What remained in the ſtomach weighed two 
ounces; it conſiſted of 2 pulp, in which the 
fibres could yet be diſcerned; but neither 


when ſubjected to the before- mentioned che- 


mical trials, or when ſmelled and taſted, did it 
thew any ſign of putrefaction. But among 
the animals that retain their food for a long 
time in the ſtomach, thoſe with cold blood, 
and eſpecially vipers, are, as we have een, 
the moſt remarkable. A piece of lizard's tail 


preſerved ſomewhat of its muſcular ſtructure, 


after having remained five days in the ſtomach 


of a land ſnake (C XVIII). Three water 


- 
1 


ſnakes had not conſumed all their food at the 


end of three days (CXXI). Another not even 
in fix days (CXXV). A lizard remained ſix- 
teen days in the ftomach of a viper, without 
loſing 1ts* natural form (CXXVII). Other 
cold animals, ſuch as eels, newts, and frogs, 
muſt not be forgotten. Four eels that had 
eaten fiſh, retained a little after the expi- 

ration 
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ration of three days, eighteenhours'(CXXIX), 
On the fifth day, ſome frogs had not quite 
digeſted pieces of inteſtine (CVI); which 
alto happened to newts, two days after they 
had been fed with earth-worms (C VIII). 
But notwithſtanding the food continued ſo 
long in the ſtomach of theſe ſeveral animals, 
have expreſsly noticed, that it had begun 
to putrify (CXXVII). 
CCLIV. I have met only with two in- 
ſtances which do not coincide with this in- 
variable conſtancy of nature, though they do 
not detract from the certainty of the conſe. 
uences that are to be deduced from it. Among 
the crows that were obliged to ſwallow tubes 
for a conſiderable length of time, ſome ſuf- 
fered in their health, and became poor, though 
they were copiouſly ſupphed with food. But 
as they did not take it voluntarily, and as it 
was my wiſh to keep them alive for the ſake 
of my experiments, I forced ſome fleſh down 
the throats of two, but to no purpoſe ; for 
they both died, one thirteen, the other 
fifteen hours afterwards. My curioſity led 
me to open them, and I found that the fleſh 
continued whole and undigeſted, and more- 
over that it was become putrid. But this 
evidently aroſe from the morbid condition of 
the animal, by which the gaſtric fluid was 
altered, and rendered inefficacious. For this 
ſpecies of bird, as I have ſeen in a hundred 
inſtances, digeſts fleſn very ſpeedily, and with- 
out any token of putrefaction appearing. It 
is alfo probable, that the putrid ſtate of the food 


in the animals mentioned in the CCXLIEXth 


paragraph, aroſe from their morbid condis 
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tion; eſpecially as it remained ſo long in the 
ſtomach of ſome of them. It may alſo hap- 
pen, that an animal may die without any diſeaſe 
preceding, and yet the food be found fatid, 
if the ſtomach is opened after a long interval, 
as frequently happens. „ 
In the fame paragraph, the breath of the 
lion and eagle are ſaid to be fœtid. That of 
the lion I never had an o 1 of exa- 
mining, but with the eagle it was far other- 
wiſe; for when I ſtroaked the head gently, it 
would ſometimes open its mouth, and raiſe a 
little cry; on theſe occaſions it neceſſarily 
made a long expiration, and in winter the 
breath appeared in the form of a little cloud. 
This cloud J have often ſmelled, and cauſed 
others to ſmell, both when the bird was faſting, 
and when the ſtomach was full, and when the 
food was recently digeſted ; but it was never 
fœtid, and indeed did not ſeem to have any 
kind of odour. | e 
CCLV. The experiments deſcribed in the 
CC, CCLI, CLI, and CLI 
graphs, not only ſhew that digeſtion is un- 
accompanied by putrefaction, but might in- 
duce us to ſuppoſe, that the ſtomach is pro- 
vided with an antiſeptic principle. Fleſh in- 
clofed in the pyriform glaſſes that were intro- 
duced into the ſtomach of crows, ſhewed 
clear ſigns of putrefaction in ten hours; 
Whereas in eighteen they ſhew no appearances 
of the kind, when it is in immediate contact 
with the ſtomach (CCLIII). And although 
ſerpents, and the other amphibious animals 
above-mentioned (CCLIII) are of a cold 
temperature; yet in their temperature, which 
is nearly equal to that of the en 
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fleſh becomes putrid in two days, and ſome- 
times in one, and ſometimes even in a ſhorter 
time, while in their ſtomachs it remains un- 
tainted frequently for a much longer ſpace. 


J could not therefore but conclude, that there 


is preſent in theſe caſes, ſome cauſe that pre- 
vents the corruption which ſupervenes out 
of the body. What then is this cauſe? It 
was not difficult to detect it. I called to 


mind thoſe unfiniſhed digeſtions, which take 


place when fleſh is immerſed in gaſtric fluid 
contained in phials. Where it is diſſolved 
without ever turning putrid, notwithſtand- 
ing it is kept long enough, and expoſed to a 
ſufficient heat. I could not then doubt, that 


the gaſtric juices are at once the ſolvent, and 


the preſervative from putrefaction. Further 
reflection furniſhed me with proofs ſtill more 
deciſive. It appears from various paſſages in 
the preceding diſſertations, that in attempts 
to produce artificial digeſtion, little or no ſo- 
lution takes place, unleſs the fluid extracted 
from the ſtomach is expoſed to a briſł heat 
(CXLII, CLX XXVI, CI, ee 
without this condition, it retains its antiſep- 
tic powers (CLXXXVI, CC XVII). Two 
phials, containing one ſome gaſtric fluid from 
a crow, and the other from a dog, together 
with ſome veal and mutton, were kept thirty- 
ſeven days in winter, in an apartment with- 


out fire: the fleſh was not either conſumed 


or turned putrid; while ſome that was im- 
merſed in water, began to emit a fœtid ſmell 
on the ſeventh, and about the thirtieth day 
was changed into a very offenſive liquamen. 
It is proper to add, that the gaſtric fluid at 


laſt loſes, though 1 in phials ever ſo cloſely 
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ſtopped, its antiſeptic quality, but it ne- 
ver becomes putrid atieif. This at leaſt I 
found to be the caſe with ſome taken from a 
crow, after it had been kept two months. 
CCLVI. The diſcovery of this antiſeptic 
property led me to enquire, What would be 
the effect of immerſing fleſh, more or leſs 
putrid, in gaſtric fluid. Four portions that had 
an inſupportable ſmell; were ſet in four bot- 
tles, which I filled with four different kinds 
of gaſtric fluid, viz. of a dog, a crow, an 
owl, and an eagle, This was done in March, 
and the bottles were kept twenty-five days in 
an apartment, where the heat was never leſs 
than 8, and never exceeded 12. I could not 
perceive that it was at all more diffolved than 
if it had been immerſed in water. With 
reſpec to the fœtid ſmeH in the phials con- 
taining lamb and yeal, it continued unchang- 
ed; but in the two others, which contained 
fowl and pigeon, it ſeemed rather dimi- 
niſhed. This reſult ſuggeſted to me, that the 
aſtric fluid might not only impede putre- 
— "= but reſtore putrified - ſubſtances. I 
therefore repeated the experiment in June, 
and found that my ſuſpicion was well founded, 
Some fowl and pigeon, in which putrefac- 
tion was pretty far advanced, were immerſed 
in the gaſtric fluid of a dog and falcon, and 
remained in it thirty-feven hours, in which 
time they were reduced to a jelly, but had 
loſt moſt of their diſguſting ſmell. On com- 
paring this with the preceding experiment, 
„ e that the ſuperior efficacy of the 


gaſtric fluid in the latter caſe, proceeded from 
the warmth of the ſeaſon: and this induced 
me to cxpoſe the ſame fleſh under the ſame 


circum- 
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circumſtances, to the ſun about the middle of 
june. And now ten hours completely took 
away the fœtid ſmell. I did not neglect mak- 
ing the ſame experiment with the gaſtric 
fluid of other animals; the fleſh generally 
loſt its difagreeable odour, but ſometimes for 


a reaſon, which I cannot aſſign, retained it in 


part. It is proper to add, that the recent 
_ was always more efficacious than the 
Ns | | 

CCLVII. If we confider the CCLV and 
CCLVIth paragraphs, we muſt conclude, that 
putrid fleſh loſes this quality in the ſtomach of 
animals. Before I attempted to aſcertain this 
Point by experiment, nature herſelf gave me a 
deciſive proof of it. At the time I kept a great 


number of towls for my enquiries, I perceived 


that when they are allowed to eat at will, 
they cram their craw ſo full, that it is ſixteen 
or twenty hours before it is completely eva- 
cuated. Curiofity led me to kill a cockrel 
that had about an ounce of meat, which hap- 
pened to be bruiſed fleſh, remaining in its 


cCraw: and I was ſtruck with ſarprize, when 


I perceived that it had a ſtrong putrid ſmell : 
it was become ſoft, had a dull red colour, 
and a nauſeous taſte: I immediately proceeded 
to examine the contents of the ſtomach ; but 
here I found the fleſh quite decompoſed with 
a bitter ſweet taſte, and a ſmell by no means 
fetid. The liquor therefore of the ſtomach, 
nad corrected the putrid quality which the 
Heſh had acquired in the craw. The ſame 
thing took place in ſome hens. The fleſh in 
the craw became putrid in fixteen hours, 
while that in the ſtomach had no diſagreeable 
odour, It ſhould, however, be remarked, 

Fa that 
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that the putrefactive fermentation never runs 
ſo high within the craw, as it does out of the 
body, even when the heat is leſs ſtrong, 
Whence I ſuſpected, that the fluid of the craw 
might alſo poſſeſs an antiſeptic power, though 
in a degree very far inferior to that of the 
ſtomach. 

CCLVIII. I took a putrid piece of beef's 
lights, and dividing it into five portions, faſ- 
tened a ftring to each, and then thruſt them 
into the ſtomachs of five ravens. The end of 
the ſtring was brought out at the beak, as on 
former occaſions (LXVIII), that I might be 
able to examine the fleth at pleaſure. In three 
quarters of an hour, two of the pieces were 
drawn up: they were waſted, and at firſt 
ſeemed to have loſt their putrid ſmell, but 
upon wiping off the gaſtric fluid, it became 
again fenfible, but it was much diminiſhed. 
Half an hour afterwards another piece, upon 
examination, was found to be ſtill more 
waſted, and to have loſt almoſt all its bad 
odour, even when the gaſtric fluid was care- 
tully wiped away. In an hour aiterwards the 
to remaining pieces were drawn up. They 
were reduced to the ſize of a pea, and it would 
have been impoſſible to tell that they had been 
ever putrid, ſo perfectly were they recovered; 
even the taſte 5 nothing diſguſting, ex- 
cept the bitterneſs Which is always preſent on 
inch occaſions. 4 

The great length of the neck prevented 
me from repeating this experiment upon the 


Heron. I forced a ſemi-putrid frog, from 


which the ſkin had been taken, into the ſto- 
mach, but IT could not draw it up again; it 
was therefore necetiary to cut the itring at 
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the beak, when the bird immediately ſwal- 


lowed it. It was my intention to kill the 


heron in about an hour, that I might ex 


amine what change the frog had undergone. 


But it was vomited before that time, pro- 


bably on account of its being a diſguſting 
food; for however greedily the heron devours 
living fiſhes and frogs, it abſtains from them 
when they are turning putrid. The gaſtric 


fluid had, notwithſtanding, exerted both its 


antiſeptic and ſolvent powers, during the 


forty-three minutes the. frog had been in the 


ſtomach. Some tin tubes were then filled 
with putrid fiſh, and given to the animal; 
they were not, as before, thrown up, perhaps, 
becauſe the putrid matter was not in contact 
with the ſtomach. The bird was killed three 
hours afterwards ; what remained in the tubes 
weighed one-ſeventh of an ounce; it re- 
ſembled a thick gelatinous paſte, in which a 
few fleſhy fibres might yet be diſtinguiſhed, 


and which retained no veſtige of its former 


putrid ſtate. | 


__ CCLIX. I treated ſeveral ſmall birds of prey, 
ſuch as the two ſpecies of owl above de- 
ſcribed, and a young hawk, as I had done 
crows (CLVIII). They were fed with inteſ- 
tine, liver, and lungs of ſheep, more or leſs 


putrid. Solution took place, and the putrefac- 


tion was corrected according to the time of 
the continuance of the fleth in the ſtomach. 
The hawk twice threw up what it had ſwal- 
lowed, probably, becauſe the putrid ſtate of it 


diſagreed with the ſtomach, for this never 


happened when it was fed with freſh meat. 
The gaſtric juices of the eagle produced the 
ſame effect upon fleſh incloſed in tubes, and 
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introduced into its tomach. Animals of cold 
blood having very flow digeſtive powers, 
were long in correcting the putrefaction of 
fleſh. This effect, however, was at laſt pro- 
duced. The only precaution neceſſary, was 
to return the ſubſtances into the ftomach 
3 they were vomited, which often hap- 

enced. | 

The lat experiments I made with this view, 
were upon a cat, a dog, and myſelf. I was 
obliged to force the putrid fleth down the 
throat of theſe animals, for notwithſtanding 
they vere exceedingly hungry, they obſti- 
nately refuſed it, The dog retajned what was 
forced upon him, but the cat vomited it along 
with a quantity of foam, and a liquor that 
appeared to be gaſtric fluid. The fleſh, which 
when it was given was exceedingly fœtid, 
had now loſt its ſmell entirely; of this, ano- 
ther cat, byeating itwithout ls throw 
ing it up, gave me a clear proof. Upon open 
ing the ſtomach, I — the fleſn half di- 
geſted, and with no other ſmell than that 
which freſh meat uſuallyemits in like circum- 
ſtances. In two hours and a halt the dog 
was opened. The fleſh lay in a little lake of 
gaſtric fluid, nearly decompoſed, nor did it 
either in taſte or ſmell reſemble tainted meat. 
The experiment I made on myſelf, confifted 
in ſwallowing, at five different times, five 
tubes covered with linen, like thoſe men- 
tioned in the CC VIII th paragragh : they were 
full of different ſorts of putrid fleſh. I voided 
them ſeparately, and in each there was ſome 
of the contents remaining, but not'one ex- 
hibited the ſmalleſt token of putrefaction. 
Hence then it appears, that the various _— 
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of animals, and Man among the reſt, in an 
healthy ſtate, are endowed with the power, 


not only of checking the putrefaction of ſub- 


ſtances lodged in the ſtomach, but alſo of 
correcting them when already putrid. 
CCLX. By this diſcovery I was led to reflect, 
that many animals living upon fleſh, and 
matters that have a tendency to run into the 
putrefactive fermentation, never feed but up- 
on ſuch as are freſh and ſweet; and that, if 
by any accident putrid food ſnhould get into 
the ſtomach, they are ſubject to vomiting and 
various bad ſymptoms, and even death itſelf: 
ſome inſtances of vomitingexcited bythiscauſe, 
may be ſeen above (CCLVIII, CCLIX) ; while 
on the other hand, many animals delight in 
corrupted ſubſtances, as the multitude of 
loathſome inſects and worms that reſide in 
ſewers and ſepulchres, and feed upon decay- 
ing carcaſes. Among birds and quadrupeds, 
there are alſo ſome that ſeek tainted fe | 
ſuch are the crow, the kite, the vulture, a- 
mong the former; and among the latter, the 
chacal and the hyena. While other animals 
fly the miaſmata that ariſe from bodies in 
ſuch a ſtate, theſe ſeek and are guided by them 
to their abominable repaſts. But now we are 


- 
>» 


eee with the antiſeptic virtue of the 
gat 


ric fluid, the diſguſting manners of theſe 
animals ought no longer to ſurprize us, for 
the food, however putrid, muſt be totally 
changed before it is converted into nutri- 


ment and animalized. And although the 


putrid quality is corrected by other animals, 
yet food in that ſtate is noxious to them, on 
account of the difagreeable impreſſion it 
makes on the organs of ſmell and . 
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alſo upon the ſtomach, by which, and parti- 
cularly by their noiſome miaſmata, the ner- 
vous ſyſtem is probably irritated. It beſides 
ſeems likely, that the antiſeptic power of the 


_ gaſtric fluid of the former, is greater and more 


efficacious, and conſequently that it more 
readily and more completely corrects putre- 
faction. Habit, e 1, is juſtly reputed a 
fecond nature, may bring animals, that natu- 
rally abominate putrid food, to live very well 
upon it. We have already witneſſed the con- 
verſion of a pigeon from a granivorous into a 
carnivorous animal (CLXXV); and I brought 
it to eat not only freſh fleſh, but ſuch as was 
fœtid, and even completely putrified. The 
bird at firſt abſolutely refuſed it, and I was 


obliged to force it into the ſtomach ; for 


tome days it ſuffered from this treatment, and 
became evidently leaner, But by degrees na- 
ture became inured to the food, and the pi- 
geon, ſimulated by hunger, took it ſponta- 
neouſly, till at laſt it recovered its plumpneſs; 
and now its appetite for tainted, was as keen 
as it had been before for ſweet meat. We 
may learn from this inſtance, that cuſtom is 
capable of changing ditagreeable, and even 
noxious food, into good nouriſhment. 
CCLXI. But what ſhall we {uppoſe enables 
the gaſtric fluid to check and correct putrefac- 


tion? As it contains a ſalt, and that of the am- 


monical kind (CCXLVI), and as beſides the 
experiments of Pringle ſhew, that all ſalts, 
whether acid, alkaline, or neutral, whether 
volatile or fixed, are antiſeptic (a), it is ob- 


(a) Appendix, containing experiments on ſeptic ang 
antiſeptic tubitances, | 
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obvious to conjecture, that theſe two quali- 
ties ariſe from the ſame ſource. I conceived, 
however, before I determined abſolutely, that 
it would be proper to attempt a few experi- 
ments. It is obſerved by Pringle, that we 
muſt employ common ſalt, which ſo nearly 
reſembles ſal ammoniac, in confiderable quan- 
tity, if we wiſh it to act as an antiſeptic; other- 
wiſe, it is ſo far from checking, that it pro- 
motes putrefaction. Thus a drachm of ſalt, 
diſſolved in two ounces of water, keeps meat 
ſweet but a little while, and twenty- five 
grains a ſtill leis time; while ten, fifteen, and 
even twenty grains haſten its corruption. 
This paradox has been confirmed in France 
by the learned Mr. Gardane. Notwithſtand- 
ing theſe authorities, I determined to bring 
it to the teſt of experiment. I therefore took 
four phaals, and putting into each three penny- 
weights, ſix grains of freſh beef, pounded 
very ſmall, I poured upon it an ounce and half 
of water. In the firſt phial were diſſolved ten 
grains of common falt, in the ſecond fifteen, 
in the third twenty, and the fourth was left 
without ſalt, as a term. of compariſon. The 
temperature of the place where they were 
kept, was about fifteen degrees. The firſt 
phial began firſt to emit a fœtid ſmell, the 
fourth next, then the ſecond, and laſtly the 
third. The other tokens of putrefaction ap- 
peared in the ſame order. When ſal ammo- 
niac was ſubſtituted in the place of common 
ſalt, the only difference in the reſult, con- 
ſiſted in the phial which contained no falt, 
and that which contained ten grains, begin- 
ning to exhale a putrid ſmell at the ſame 
time. It appears, therefore, that Pringle's ex- 
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periment was accurate, and that the ſame thing 


nearly is true of ſal ammoniac. In order to 
determine whether the antiſeptic property of 
the gaſtric fluid ariſes from the ſal ammoniac 
it contains, I diffolved a quantity of that ſalt 
by degrees in water, till it had nearly ac- 
quired the ſame ſaltneſs as the gaſtric fluid; 
ſome bruiſed fleſh was then immerſed in it. 
That the water and the vn of the ſtomach 
had nearly the ſame ſaltneſs, I aſſured myſelf, 
both by taſting it, and by dropping a few 
drops of each into a ſolution of filver in the 
nitrous acid, when each afforded the fame 
white precipitate. But it is this cauſe that 
prevents putrefaction; for the fleſh immerſed | 
In the ſalt water, emitted a fœtid odour ſooner 
than other fleſh of the ſame kind, infuſed in 
common water: and although when more 
fal ammoniac was employed, „ 
retarded, it was not prevented; to attain this 
end, eighteen or twenty times as much ſalt 
as is contained in the gaſtric fluid was requi- 
ſite. Theſe facts ſeem clearly to ſhew, that 
the antiſeptic quality of the gaſtric fluid does 
not depend on the ſmall quantity of ſal am- 
moniac it contains. 
CCLXII. From the ſeptic power of com- 


* 


mon ſalt in ſmall quantity, Mr. Gardane de- 


duces a conſequence, which it may be pro- 
per to notice in paſſing. He thinks the com- 
mon ſalt we take with our food, being always 
in little doſes, forwards digeſtion, by pro- 
eee putrefaction; upon which, accord= 
im, as we have ſeen above (CCXLIX), 

that function depends. Though my nume- 
rous experiments completely deſtroy this ſup- 
poſition, yet it ſeemed worth while to wy 
| what 
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what would happen to fleſh ſeaſoned with 
ſuch a proportion of common falt as haſtens 
putrefaction, and given to different animals. 
Some tubes, filled with fleſh thus prepared, 
and others, with ſome of the fame kind, 
without falt, were given to a dog and a cat. 
The animals were opened in five hours, and 
upon examining the tubes, I could not per- 
ceive that the ſalt had occafioned any differ- 
ence. What remained undiſſolved, had ſtill 
a ſlight ſalt taſte, but not the leaſt difagree- 
able ſmell; and it was juſt as much waſted as 
the other. It therefore appears, that this ſmall 
doſe of ſalt had neither promoted digeſtion, 
nor produced any tendency to putrefaction, 
being overpowered by the antiſeptic quality 
of the gaſtric fluid. 

CCLXIII. But to return from this digreſ- 
ſion. If the ſalt contained in the gaſtric fluid 
is not the cauſe of its antiſeptic power, to 
what other principle can it be owing ? Mac- 
bride's theory concerning the origin of this 
property in ſo many bodies, has great inge- 
nuity. The coheſion and ſolidity of ſub- 
ſtances, is in his opinion owing to the fixed 
air they contain. Now when by any means 
this is taken away, the -mutual adhefion of 
the feveral parts will be deſtroyed, and the 
body will either run into the putrefactive fer- 
mentation, or crumble into duſt, according 
to the nature of its conſtituent parts. Hence 
it neceſſarily follows, that whatever ſubitance 
has the power of. impeding the ſeparation of 
fixed air, or reſtoring it when ſeparated, will 
alſo prevent or correct putrefaction. But an- 
tiſeptic matters have, according to this phy- 
ſician, ſuch a power. A piece of fleſh, for 


initance, 
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inſtance, ſurrounded by a ſubſtance of this 
kind, is kept ſweet, becauſe the fixed air can- 
not make its eſcape ; and that, probably, on 
account of its pores being blocked up by the 
finer particles of the antiteptic matter. Hence 
the fleſh will long preſerve its natural taſte 
and conſiſtence. If it has already become pu- 
trid, it will receive fixed air from the anti- 
feptic body, and hence ceaſe by degrees to ex- 
hale a feetid ſmell, loſe its fluidity and flabbi- 
nets, and at laſt recover its ſweetneſs and 
firmneſs (a) ” 9 9 2 

Will not this theory account for the anti- 
ſeptic power of the gaſtric fluid? Without 
going out of my way to examine the founda- 
tion on which it reſts, I will obſerve, that it 
feems by no means to afford the information 


wanted, fince the gaſtric fluid is an js 


of a ſingular ſort. Other ſubſtances poſſeſ- 
fing this property, while they keep away pu- 
trefaction, preſerve or reſtore the coheſion of 
the parts; whereas the gaſtric fluid being at 
once an antiſeptic and ſolvent, while it pre- 
vents or corrects putrefaction, reduces bodies 


into very ſmall particles. We muſt therefore 


conclude, that the property of this animal 
fluid ariſes from ſome other principle, though 
I cannot determine what that principle 1s, 
both tor want of experimental data, and on 
account of the impertect ſtate in which phy- 
ficians have left the theory of putrefaction. 
I therefore chole to acknowledge my igno- 
rance, rather than invent ſome gratuitous hy- 
potheſis; ſuch a mode of proceeding would 
Ill agree with the diſpoſition of one, who has 


(a) Macbride, „ . 


no. 
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no other objeA in view than the diſcovery of 


truth. | : 
CCLXIV. For the fake of my readers, it 


may be proper to recapitulate what has been 


proved in this diflertation. Firſt, of the three 
{pecies of fermentation eſtabliſhed by modern 
chemiſts and naturaliſts, viz. the ſweet, the 
acetous, and the putrid, neither takes place in 
digeſtion. Secondly, Though this function 
is ſometimes accompanied with an acid, yet 
this principle diſappears entirely towards the 
concluſion of it. Thirdly, Putrefaction ne- 
ver in health attends digeſtion. Fourthly, 
The gaſtric fluid is a real antiſeptic. I ſup- 
poſe my proofs, however concluſive, will not 
avail with thoſe who eſtabliſh it as an axiom, 
that wherever there 1s heat and moiſture, there 
muſt be fermentation ; and think that it muſt 
therefore neceſſarily take place in the food, and 
not only in the ſtomach and inteſtines, but in the 
chyliferous and ſanguiferous veſſels: they in- 
deed limit their doctrine ſo far as to ſay, that 
whereas out of the body it goes on rapidly, 
and with an inteſtine commotion, in the body 
of it is ſlow, weak, and generally impercep- 
tible. Let me intreat theſe learned and zea- 
lous advocates for fermentation to reflect, 
that my experiments are not directly repug- 
nant to theirs. I only pretend to N 
that not the ſmalleſt ſenſible fermentation 
takes place in the ſtomach of animals or man. 
With reſpect to inſenſible fermentation, as it 
is amongſt uncertain things, ſound logic for- 
bids me alike either to admit or reject it, 
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ON THE 
DIGESTION 


STOMACH arrtftR DEATH. 


By JohN HUNTER, F. R. 8. and Surgeon 
to ST. GEORGE's Hoſpital *. 


N accurate knowledge of the appear- 
A ances in animal bodies that die of a vio- 
lent death, that is, in perfect health, or in a 
ſound ſtate, ought to be conſidered as a ne- 
ceſſary foundation for judging of the ſtate of 
the body in thoſe that are diſeaſed. | 
But as an animal body undergoes changes 
after death, or when dead, it has never been 
ſufficiently conſidered - what thoſe changes 
are; and till this be done, it is impoſſible we 
ſhould judge accurately of the appearances 1n 
dead bodies. The diſeaſes which the living 
body undergoes {mortification excepted) are 
always connected with the living principle, 
and are not in the leaſt ſimilar to what may 
be called diſeaſes or changes in the dead body: 


* dee Philoſophical Tranſactions, Vol. LXII. p. 447. 
2 without 
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S without this knowledge, our judgment of the 
U appearances in dead bodies muſt often be very 
imperfect, or very erroneous; we may ſee ap- 
5 | pearances which are natural, and may ſup- 
| - poſe them to have ariſen from diſeaſe; we 
|. may ſee diſeaſed parts, and ſuppoſe them in a 
= natural ſtate; and we may ſuppoſe a circum- 
. ſtance to have exiſted before death, which 
was really a conſequence of it; or we may 
imagine it to be a natural change after death, 
when it was truly a diſeaſe of the living body. 
It is eaſy to ſee therefore, how a man in this 
ſtate of ignorance mult blunder, when he 
comes to connect the appearances in a dead 
body with the ſymptoms that were obſerved 
in life; and indeed, all the uſefulneſs of open- 
ing dead bodies depends upon the judgment 
and fagacity with which this ſort of compa 
ERC, THO Ton 

There is a caſe of a mixed nature, which 
cannot be reckoned a proceſs of the living 
body, nor of the dead; it participates of 
both, inaſmuch as its cauſe ariſes from the 

living, yet cannot take effect till after death. 

This thall be the object of the preſent pa- 
per; and, to render the ſubject more intelli- 
gible, it will be neceſſary to give ſome gene- 
ral ideas concerning the cauſe and effects. 

An animal ſubſtance, when joined with 
the living principle, cannot undergo any 
change in its properties but as an animal; 
this principle always acting and preſerving 
the ſubſtance, which it inhabits, from diſſo- 
lution, and from being changed according to 
1 beißen. which other ſubſtances, 
applied to it, undergo. 5 
5 5 There 
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There are a great many powers in nature, 
which the living principle does not enable 
the animal matter, with Which it is com- 
bined, to reſiſt, viz. the mechanical and moſt 
of the ſtronger chemical ſolvents; It renders 
it however capable of reſiſting the powers of 
fermentation, digeſtion; and perhaps ſeveral 
others, which are well known to act on this 
ſame matter, when deprived of the living 
principle, and entirely to decompoſe it. The 
number of powers, which thus act differently 
on the living and dead animal ſubſtance, 1s 
not aſcertained : we ſhall take notice of two, 
which can only affect this ſubſtance when 
deprived of the living principle; whieh are, 
putrefaction and digeſtion: Putrefaction is 
an effect which ariſes ſpontaneouſly; digeſ- 
tion is an effect of another principle acting 
upon it, and ſhall here be conſidered a little 

more particularly. a 
Animals, or parts of animals, poſſeſſed of 
the living principle, when taken into the ſto- 
mach, are not the leaſt affected by the powers 
of that viſcus, ſo long as the animal princi- 
ple remains; hence it is that we find animals 
of various kinds living in the ſtomach, or 
even hatched and bred there: but the mo- 
ment that any of thoſe loſe the living prin- 
ciple, they become ſubject to the digeſtive 
powers of the ſtomech. If it were poſſible 
for a man's hand, for example, to be intro- 
duced into the ſtomach of a living animal, 
and kept there for ſome conſiderable time, 
it would be found, that the difialvent powers 
of the ſtomach could have no effect upon it; 
but if the ſame hand were ſeparated from the 
body, and introduced into the tame ſtomach, 
l * we 


P ²˙ ae ̃— . ˙— . A CE NCESS — CP: ge. 
4 A ere 4 A * * 5 CONES” * rv * * * _ * 4 


298 r 


we ſhould then find that the ſtomach would 
immediately act upon it. 5 

Indeed, if this were not the caſe, we 
ſhould find that the ſtomach itſelf ought 
to have been made of indigeſtible materials ; 
for, if the living principle was not capable of 
preſerving animal ſubſtances from undergo- 
ing that proceſs, the ſtomach itſelf would be 
digeſted. 

But we find on the contrary, that the ſto- 
mach, which at one inſtant, that is, while 
poſſeſſed of the living principle, was capable 
of reſiſting the digeſtive powers which it con- 
tained, the next moment, viz. when deprived 
of the living principle, is itſelf capable of 
being digeſted, either by the digeſtive powers 
of other ſtomachs, or by the remains of that 
power which it had of digeſting other things. 

From theſe obſervations, we are led to ac- 
count for an appearance which we often find 
in the Nats of dead bodies; and at the 
ſame time they throw a conſiderable light 
upon the nature of digeſtion. The appear- 
ance which has been hinted at, is a diffolu- 
tion of the ſtomach at its greateſt extremity ; 
in conſequence of which, there is frequently 
a conſiderable aperture made in that viſcus. 
The edges of this opening appear to be half 
diflolved, very much like that kind of diſſo- 
lution which fleſhy parts undergo when half 
digeſted in a living ſtomach, or when diſ- 
tolved by a cauſtic alkali, viz. pulpy, tender, 
and ragged. e ee 

In theſe caſes, the contents of the ſtomach 
are generally found looſe in the cavity of the 
abdomen, about the ſpleen and diaphragm. 
In many ſubjects this digeſtive power extends 
24 * much 


A1 1 1 299 


much further than through the ſtomach. 


I have often found, that after it had diſſolved 


the ſtomach at the uſual place, the contents 
of the ſtomach had come into contact with 
the ſpleen and diaphragm, had partly diſſolved 
the adjacent ſide of the ſpleen, and had diſſolved 


the diar hragm quite through; ſo that the con- 


tents of the ſtomach were found in the cavity 
of the thorax, and had even affected the lungs 
in a ſmall degree. N 

There are very few dead bodies, in which 
the ſtomach is not, at its great end, in ſome 
degree digeſted; and one who is acquainted 
with diſſections, can eaſily trace the gradations 
from the ſmalleſt to the greateſt. 

To be ſenſible of this effect, nothing more 
is neceſſary, than to compare the inner ſurface 
of the great end of the Forney with an 
other part of the inner ſurface; what is ſound, 
will appear ſoft, {pongy, and granulated, 
and without diſtinct blood-veſſels, opake and 
thick; while the other will appear ſmooth, 
thin, and more tranſparent; and the veſlels 
will be ſeen ramifying in its ſubſtance, and 
upon ſqueezing the blood which they con- 
tain from the larger branches to the ſmaller, 
it will be found to paſs out at the digeſted 
ends of the veſſels, and appear like drops on 
the inner ſurface. | 


Theſe appearances I had often ſeen, and T 
do Ye ys that they had been ſeen by others; 


but J was at a loſs to account for them; at 
friſt, I ſuppoſed them to have been produced 
during life, and was therefore diſpoſed to 
look upon them as the cauſe of death; but I 
never tound that they had any connection 
with the ſymptoms : and 1 was ſtill more at 


U 4 a loſs 
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a loſs to account for theſe appearances, When 


I found that they were moſt frequent in thoſe 
who died of violent deaths, which made me 
ſuſpect that the true cauſe was not even 
imagined (a). | | 

At this time I was makin many experi- 
ments upon digeſtion, on different animals, 
all of which were killed, at different times, 
after being fed with different kinds of food; 
ſome of them were not opened immediately 
oy: death, and in ſome of them I found the 

appearances above deſcribed in the ſtomach. 

or, purſuing the enquiry about digeſtion, 
I got the ſtomachs i a vaſt variety of fiſh, 
which all die of violent deaths, and all may 
be ſaid to die in perfect health, and with their 


() The firſt time that I had occaſion to obſerve this 


4 appearance in ſuch as died of violence and ſuddenly, and 


in whom therefore I could not eaſily ſuppoſe it to be the 
effect of difeafe in the living body, was in a man who had 
his ſkult fractured, and was killed outright by one blow 
of a poker. Juſt before this accident, he had been in 


perfect health, and had taken a hearty ſupper of cold 


meat, cheeſe, "bread, and ale. Upon opening the abdo- 
men, I found that the ſtomach, though it ſtill contained 
a good deal, was diſſolved at its great end, and a conſide- 
rable part of theſe its contents lay looſe in the general 
cavity of the belly. This appearance puzzled me very 
much. The fecond time was at St. George's Hoſpital, 

in a man who died a few hours after receiving a blow on 
his head, which fractured his ſkull likewiſe. From thoſe 
two caſes, among other conjectures about ſo ſtrange an 
appearance, I began to ſuſpect that it might be peculiar 
to Caſes of fractured ſkulls; and therefore, whenever I 
had an opportunity, I examined the ſtomach of every per- 
ſon who died of that accident: but I found many of them 
which had not this appearance. Afterwards I met with 
it in a ſoldier who had been hanged, 


ſtomach 
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ſtomach commonly full; in theſe animals we 
ſee the progreſs of digeſtion moſt diſtinctly; 
for as they ſwallowed their food whole, that 
is, without maſtication, and ſwallow fiſh that 
are much larger than the digeſting part of the 
ſtomach can contain (930 ſhape of the fiſh 
ſwallowed being very favourable for this en- 
quiry), we find in many inſtances that the part 
of the ſwallowed fiſh which is lodged in the 
digeſting part of the ſtomach is more or leſs 
Sheet while that part which remains in 
the eſophagus is perfectly ſound. 

And in many of theſe I found, that this 
digeſting part of the ſtomach was itſelf re- 
duced to the ſame diſſolved ſtate as the digeſted 
part of the food. 1 

Being employed upon this ſubject, and 
therefore enabled to account more readily for 
appearances which had any connection with 
it, and obſerving that the half-diſſolved parts 
of the ſtomach, &c. were ſimilar to the half. 
digeſted food, it immediately ſtruck me, that 
it was from the proceſs of digeſtion going on 
after death, that the ſtomach, being dead, 
was no longer capable of reſiſting the powers 
of that menſtruum, which itſelf had formed 
for the digeſtion of its contents; with this 
idea, I ſet about making experiments to pro- 
duce theſe appearances at pleaſure, which 
would have taught us how long the animal 
ought to live after feeding, and how long it 
ſhould remain after death before it is opened; 
and above all, to find out the method of pro- 
| ducing the greateſt digeſtive power in the liv- 
| ing ſtomach: but this purſuit led me into an 


. unbounded field. 
| Theſe 
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Theſe appearances throw conſiderable 
light on the principles of digeſtion ; they 
ſhew that it is not mechanical power, nor 
contractions of the ſtomach, nor heat, but 
ſomething ſecreted in the coats of the ſto- 
mach, which is thrown into its cavity, and 
there animaliſes the food (a), or aſſimilates it 
to the nature of the blood. The power of 
this juice is confined or limited to certain 
ſubſtances, eſpecially of the vegetable and 
animal kingdoms; and although this men- 
ſtruum is capable of acting independently 
of the ſtomach, yet it is obliged to that viſ- 
cus for its continuance. | 


(a) In all the animals, whether carnivorous or not, 
upon which I made obſervations or experiments to diſcover 
whether or not there was an acid in the ſtomach, (and 1 
tried this in a great variety), I conſtantly found that there 
was an acid, but not a ſtrong one, in the juices contained 
in that viſcus in a natural ſtate, 5 
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Publiſhed at Edinburgh in 1777. 


HE following experiments were made 

at Edinburgh upon an Huſſar, a man of 

weak underſtanding, who gained a miſerable 
livelihood, by ſwallowing ſtones for the a- 
muſement of the common people, at the im- 
minent hazard of his life. He began this 
rue. at the age of ſeven, and has now fol- 
owed it twenty years. His ſtomach is ſo 
much diſtended, that he can ſwallow ſeveral 
ſtones at a time; and theſe may not only be 
lainly felt, but may be heard, whenever the 
ypogaſtric region is ſtruck. 
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At eight o'clock in the evening, I gave the 
ſubject of my experiments a hollow filver 
ſphere, divided into two cavities by a parti- 
tion, and perforated on the ſurface with a 
great number of holes, capable of admitting 
a needle: into one of theſe cavities was put 
four ſcruples and a half of raw beef, and into 
the other five ſcruples of raw bleak. The 
' ſphere was voided in twenty-one hours, when 
the beef was found to have loſt one ſcruple 
and a half, and the fiſh two fcruples: The 
reſt was much ſoftened, but had no diſagree- 
able ſmell. = | 

H. A few days afterwards he took the ſame 
ſphere, containing in one cavity a ſcruple 
and four grains of raw beef, and in the thei 
four ſcruples and eight grains of the ſame 
boiled. In forty-three hours the ſphere was 
returned, and the raw fleſh had loſt one 
ſcruple and two grains, and the boiled one 
ſcruple and fixteen grains. 

III. Suſpecting that if theſe ſubſtances _ 
were divided, ſo that the ſolvent could have 
freer acceſs to them, more of them would be 
diffolved, I procured another ſphere with 
holes, ſo large as to-receive a crow's quill, 
and encloſed ſome beef a little maſticated in 
it. It was voided quite empty, thirty-eight 
hours after it was ſwallowed. 

IV. Seeing how readily the chewed meat 
was diſſolved, I thought of trying whether it 
would be as ſoon diffolved in a ſphere with 
large holes, but without being chewed. I 
therefore put a ſcruple arid eight grams of 
pork into one cavity, and into the other the 

15 lame 
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ſame quantity of cheeſe. The ſphere was 
retained forty-three hours, at the end of 
which not the fmalleſt remains of either 
pork or cheeſe could be found. 
V. He afterwards ſwallowed the ſame 
ſphere, containing in one partition ſome 
roaſted turkey, and in the other ſome boiled 
falt herring. In forty-ſix hours it was void- 
ed, and nothing of the turkey or herring now- 
appeared, both having been completely diſ- 
led 125 | 

VI. Having found that animal ſubſtances, 
though incloſed in tubes, are eaſily concocted, 
I next determined to try whether vegetables, 
which are more difficultly digeſted, would 
be ſo too. I therefore encloſed an equal 
quantity of raw parſnep and potatoe in a 
ſphere. It was voided after having continued 
orty-eight hours in the alimentary canal, 
when both ſpecies of vegetable were found to 
be diflolved. : | 

VII. Pieces of apple and turnep, both 
raw and boiled, were diſſolved in thirty-ſix 
hours. | 

VIII. He next ſwallowed ſome grains of 
wheat, rye, barley, oats, and peaſe, contained 
in a ſphere, which remained ſeveral hours in 
the - alimentary canal, but no alteration was 
produced on any of its contents, except upon 
the peaſe, which were ſwoln, and burſt by 
the humidity they had imbibed. | 

IX. The readineſs with which the gaſtric 
fluid had ated upon roaſted animal ſubſtances, 
induced me to try what change would be pro- 
duced by it upon hard ones, ſuch as bone. 
I therefore incloſed in one partition of a 
ſphere, ſome of the bone from a leg of mut- 

| | ton, 
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ton, and in the other part of a turkey's wing. 
The ſphere was retained forty-eight hours. 
The bone was weighed, and found to have 
loſt nothing of its weight, while the fleſh, 
{kin, and ligaments were quite diſſolved, ſo 
that the bones of the wing were now quite 
ſeparate; but they had undergone no per- 
ceptible alteration. | 
X. Inanimate matters being ſo readily ſo- 
luble, I refolved to enquire Seal far living 
animals are capable of reſiſting the action of 
this powerful menſtruum. With this view, 
an animal ſuppoſed to be deſtitute of pores, 
and, according to my experiments, capable 
of ſuſtaining a degree of heat equal to the 
human temperature, was encloſed in a ſphere 
erforated with ſmall holes, to prevent the 
eech from wounding the ſtomach. The 
Huſſar took it, and voided it about the uſual 
time, when nothing was found except a black 
viſcid miaſma, the remains of the digeſted 
leech. This experiment was repeated with 
earth-worms, and they were diſſolved with 
equal facility. But as they cannot ſo well 
ſupport the human temperature, it is pro- 
bable they died before they began to be diſ- 
ſolved *. | | | 
It was my intention to make more experi- 
ments of this kind, but as the Huſlar left 
Edinburgh ſoon afterwards, I was obliged to 
297 recourſe to dogs and ruminating ani- 
mals. . 
XI. A whelp, three months old, having 
been kept fourteen hours without food, was 
forced to ſwallow four oval ivory globes, of 


* Perhaps this is alſo the caſe with leeches. Py 
different 
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different ſizes, and perforated with many 


{mall holes. One contained beef, another 
haddock, a third potatoe, and a fourth cab- 
bage, all raw, and weighing. each ſixteen 
grains. In four hours the animal was killed 
and opened. The globes were found in the 
ſtomach, and their reſpective contents were 
diminiſhed in the following proportions: The 
fiſh had loſt nine grains, the beef five, the 
potatoe three, and the cabbage one. The 
globes themſelves appeared to be thinner, but 
as I had no ſuſpicion that the ivory would be 
affected by the gaſtric fluid, I did not weigh 
them before the experiment. I could not 
therefore exactly aſcertain their diminution. 
XII. Having procured a whelp five months 
old, it was kept faſting fixteen hours, and 
then four of the globes uſed in the foregoing 
experiment, each containing a certain quan- 
tity of mutton, turbot, parſnep, and pota- 
toe were forced upon it. Theſe ſubſtances 
had been previouſly expoſed to the action of 
fire, and each weighed ſixteen grains. Seven 
hours afterwards the animal was killed, and 


the globes were taken out of the ſtomach ; 


when the fiſh was found to have loſt ten 
grains and a half, the mutton fix, the po- 
tatoe five, and the parſnep nothing. The 
ſpheres were become {till thinner, but I had 
as before, neglected to weigh them. 

XIII. A dog fix months old was kept faſt- 
ing the uſual time, and the ſame four ſpheres 
were given him, The firſt contained fixteen 
grains of boiled mutton, the ſecond as much 
boiled fiſh, the third the ſame quantity of 


boiled potatoe, and the fourth of boiled parſ- 


nep. In eight hours it was killed and * 
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ed. The globes were found greatlyaltered (a), 
The extreme parts, not the middle, were 
totally diſſolved, fo that the contents lay 
looſe in the ſtomach. The ſpheres, before 
the experiment, weighed together three 
{cruples fixteen grains; the fragments weigh- 
ed only one ſcruple and twenty grains. 'The 
mutton and fiſh were entirely concocted, 
the potatoe had loſt twenty-one grains; but 
the parſnep was unchanged. | 

XIV. Being ſurprized at the ſpeedy ſolu- 
tion of ivory by the gaſtric fluid, I deter- 
mined to ſubject other hard bodies to its 
action. I therefore carefully weighed three 
pieces of a ſheep's! thigh bone, and gave 
them to a dog that had been long kept faſt- 
ing. Seven hours afterwards the animal was 
killed, and the bones were taken out of the 
ſtomach. The firſt had loſt ſeven, the ſe- 
cond nine, and the third twelve grains. The 
ſolution began at the internal ſurface, and 
advanced towards the center, ſo that the ca- 
vity was conſiderably augmented (S). 


(a) The author has expreſſed this very obſcurcly. 
Partes eorum extremæ, non mediæ, ex toto ſolute ſunt, 
&c. I confeſs I am yet to learn, what are the extreme parts 
or ends of a ſphere, T. | | 

{b) In order to afture myſelf that this ſolution was not 
owing to fermentation, or an acid, I immerſed a bone of 
the ſame kind, in an alimentary mixture, conſiſting of 
roaſted beef, wheaten bread and water, beaten into 
2 pulp. When it had remained forty-eight hours in a 
temperature, equal to 102 deg. of Fahr. I herm. it was 
examined: the fermentation had run very high, and the 
acidity was ſtrong, but the bone had undergone no di- 


minution. It was, however, much ſoftened, 


I more- 
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I ͤwmoreover obliged my dog to ſwallow 
pieces of cartilage, but I found that the gaſ- 


tric fluid produced no effect upon them. | 
XV. As the ivory ſpheres and bones were 


ſo readily diſſolved in the foregoing experi- 
ments, I was induced to make trial of fome 
bodies ſtill harder. With this view I pro- 
cured ſome cylindrical tin tubes, perforated 
with a great number of holes; of which 
four were given to a dog that had been kept 
faſting twelve hours. The firſt contained 


ſixteen grains of roaſted beef, the ſecond the 


ſame quantity of veal, the third of fat, and 
the fourth of wheaten bread. In ten hours 
the animal was killed and opened; and 
the tubes were taken out of its ſtomach. 


The beef and bread were quite diſſolved; the 
veal had loſt only ten grains, and the fat 


eight and a half. The tubes had not under- 
gone the ſmalleſt alteration. | 

XVI. As in the laſt experiment the veal 
was not ſo ſoon diſſolved as the beef, I began 
to ſuſpe& that the fleſh of young animals in 
general 1s leſs eaſy to digeſt than that of old 
ones. I therefore took care to repeat the ex- 
periment with lamb and mutton, which were 
put in equal quantities into two tubes. The 
reſult was as before. In ſeven hours the 


mutton was quite diſſolved, whereas the lamb 
had loſt only ten grains: The remains of 
veal and lamb in theſe experiments were ſur- 


rounded with a viſcid gelatinous matter; 
XVII. Sixteen grains of raw beef; and the 
ſame quantity of roaſted were ineloſed in two 
tubes, and given to a dog, which was killed 
ſeven hours afterwards, when the former was 
Vor.: I. # £6; found 
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found to have loſt fifteen grains, while the 
latter was completely diſſolved. e 
XVIII. The ſame experiment was repeated 
with fiſh inſtead of fleſh. Sixteen grains of 
raw and as much boiled haddock, were in- 
cloſed in two tubes, and given to a dog. 
When he was killed, no remains of the 
boiled could be found; the raw portion had 
Joſt fourteen grains. | 
XIX. I next enquired whether quadrupeds 
or birds are moſt eafily digeſted. For this 
purpoſe, equal quantities of beef, mutton, 
and fowl were incloſed in three tubes, and 
given toa dog; they were each roaſted, and 
weighed fixteen grains. Upon killing the 
dog, and examining the tubes, I nd that 
the mutton and beef had ' been diffolved, 
while the fowl had only-loſt eleven grains. 
Moft of the experiments related above, 
were repeated oftener than once, and afforded 
the ſame reſult. We eannot therefore enter- 
tain any doubt concerning the mode of di- 
geſtion in this claſs of animals. Whether 
the concoction of ruminating animals is 
effected in the ſame manner, I endeavoured 
to aſcertain by the following experiments. 
XX. I gave a ſheep four cylindrical tin 
tubes, each containing fixteen grains of raw 
beef, ſalmon, turnep, or potatoe; fix hours 
afterwards the animal was killed; the tubes 
were found in the firſt ſtomach. The fifth 
and fleſh were unaltered, whereas the turnep 
and potatoe were quite diſſolved. 
XXI. The ſame experiment being repeated 
with the fame ſubſtances boiled, afforded the 
ſame reſult. The vegetables were digeſted, 
and the beef and ſalmon unchanged. YOu 
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XXII. Having found that the ſheep di- 


geſts vegetables very readily, but is incapable 
of diſſolving animal ſubſtances, I had next 


recourſe to the ox. Four tubes, one con- 
taining raw beef, another fiſh, a third chop- 
ped hay, and the fourth leaves of pot-herbs, 
were given to an animal of this ſpecies, and 
it was killed ten hours afterwards. The 
tubes lay in the firſt ſtomach; the fiſh and 
fleſh were not altered; but I could find no 
remains of the hay or herbs. | 


Many experiments of the ſame kind were 
made upon this animal, and they led me to 


the ſame . concluſion, viz. that the gaſtric 
fluid of the ox kind, eaſily and ſpeedily diſ- 


ſolves vegetables, but is incapable of pro- 


ducing this effect upon animal ſubſtances. 

In all theſe experiments, I attribute the 
ſolution of the food to a powerful menſtruum 
ſecreted by the coats of the ſtomach. It 
may be objected, that my experiments do 
not clearly ſhew whether the food is con- 
cocted by the gaſtric fluid, or by fermenta- 


tion, for both cauſes may act equally upon 


aliment incloſed in the ſpheres. But beſides 


the arguments already adduced to ſhew (a), 


that fermentation does not produce this effect, 
many circumſtances attending theſe experi- 


ments, on ſhew the efficacy of the gaſ- 
or in the experiments in which 


tric liquor. 
the food was not quite diſſolved, the ſolution 
always began at the ſurface, and proceeded 
towards the center, and what remained, 
ſhewed no tokens of fermentation. " 

In the XIIIth experiment ivory was diſ- 
ſolved, while parſnep, a vegetable of ſoft 
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texture, and liable to fermentation, was not at 
all altered. 2 2h | „ 
To remove every doubt, the following ex- 
periment was ſeveral times repeated, and al- 
ways afforded the ſame reſult. e 
XIII. Having kept a dog faſting eigh- 
teen hours, that his Nomacn might be free 
from the remains of food, I killed it, and 
collected about half an ounce of pure gaftric | 
fluid, which was put into a phial with twelve 
grains of roaſt beef. The fame quantity of 
the ſame beef was put into another phial, 
containing water, in order to ſerve for a term 
of compariſon. Both phials were placed in 
a furnace, of which the temperature was 
equal to 102—104? of Fahrenheit's thermome- 
ter. In eight hours the beef in the gaſtric 
fluid was quite diflolved; whereas that in the 
water had undergone no perceptible altera- 
tion. In twenty-four hours both phials 
were taken out of the furnace .and carefully 
examined. The food diffolved in the gaſtric 
fluid emitted a rancid and pungent, but by 
no means a putrid odour; it reſembled very 
much the ſmell of burnt feathers. The meat 
in the other phial was quite putrid, and in- 
tolerably fetid; but its bulk was not dimi- 
nithed. _ TO. 
I carefully obſerved the phial containing 
the gaſtric fluid during the ſolution, but 
could perceive no air-bubbles arifing, or any 
other token of termentation. I repeated this 
experiment with maſticated meat, when the 
ſolution was much more ſpeedily com- 
pleted. 
I afterwards made trial of mutton; veal, 
lamb, and other animal, together with a great 
varicty 
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variety. of vegetable ſubſtances; all were 


eaſily diſſolved; but the time requiſite for 


the completion of this proceſs was different, 


and anſwered exactly to the reſults of the pre- 
ceding experiments. | 

As in this experiment there was no ſign of 
fermentation or putrefaction, I ſuſpected that 
the gaſtric fluid, as well as the ſaliva (a), 
retards both the one and the other, In order 
to determine this, I made the following ex- 
periment. | | 


XXIV. I took two alimentary mixtures, 


each conſiſting of mutton and bread in equal 
quantities. Upon one, half an ounce of the 
recent gaſtric juice of a dog was poured, and 
upon the other the ſame quantity of pure 
water. Both mixtures were beaten to a pulp, 


and incloſed in phials accurately ſtopped; 


they were then ſet in a furnace, heated to the 
102nd. deg. of Fahrenheit's thermometer. 
Fermentation. took place in a few hours in 
the phial that contained the water, the ſolid 


contents roſe to the ſurface, and air was ex- 


tricated with a conſiderable inteſtine motion, 
The mixture immerſed in the gaſtric fluid, 
remained fourteen hours with ſcarce any to- 
kens of fermentation ; but a ſhort time af- 


terwards, this proceſs evidently took place. 


The bread and fleſh aroſe to the ſarface of the 
mixture, a ſediment began to be depoſited, 
and air-bubbles were continually extricated. 
But theſe. phenomena continued much lon- 
ger than in the other phial ; the commotion' 


fa) Where did the author learn that the ſaliva checks 
fermentation ? It appears to forward it both from the ex- 
periments of Pringle, Macbride, Spallanzani and others, I,. 


* | was 
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was leſs violent, and the air was not ſo ra- 

idly extricated. When the fermentation 
Pad entirely ceaſed, the taſte of the mixture 
in this phial was indeed acid, but not ſo 
ſtrong as in the other, and it was converted 
into 2 fluid by the ſolvent power of the gaſ- 
r,, | 

XXV. I divided a piece of putrid mutton 
into two parts, each of which was put into 
a ſeparate phial, and to one, half an ounce of 
the recent gaſtric fluid of a dog was added, 
and to the other, which was deſigned as a 
term of compariſon, as much water. They 
were ſet in a cool place, and two days after- 
wards I examined them, when the latter e- 
mitted an intolerably putrid ſmell, and the 
other, though it had yet a bad odour, did 
not {ſmell fo diſagreeably as the preceding, 
nor even ſo diſagreeably as at firſt. Upon 
ſhaking the phial, the meat fell to pieces, 
but it was not quite diſſolved. This, per- 
haps, happened, becauſe it was not expoſed 


to a ſufficient heat. 5 
Theſe experiments throw great light on 
digeſtion. They ſhew, that it is not the ef- 
fect of heat, trituration, putrefaction, or 
fermentation alone, but of a powerful ſol- 
vent, ſecreted by the coats of the ſtomach, 
which converts the aliment into a fluid, re- 
ſembling the blood, If it ſhould be aſked, 
what detends the organ itſelf, I would anſwer, 
that it is the vital principle, as Mr. Hun- 
ter's (a) obſervations thew ; after death it is 
” 4 diſſolved 


(a) Philoſoph. Tranf. for 1772. The ingenious 


obtrver ſeems, however, to attribute too much to. 
| this 
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diſſolved as readily as any other inanimate 


ſubſtance. It is probable, that every ſpecies 
of animal has its peculiar gaſtric liquor, ca- 
pable of diſſolving certain ſubſtances only. 
Some living ſolely upon vegetables, others 
upon animals, and theſe cannot be obhged 
to feed upon plants, by a faſt of whatever 
continuance. All, by an infallibe inſtinct, 
chooſe what is beſt adapted to their gaſtric 
fluid. The food, when diflolved, is expel- 


led from the ſtomach, and being mixed with 


this principle. He ſuppoſes, that whatever poſſeſſes it, 
is capable of reſiſting the action of the gaſtric liquor; 
his arguments by no means prove this, Worms, indeed, 
live in the human ſtomach, but it does not follow, that 
other animals alſo can, for nature may have given them a 


particular ſtructure of body. The following conſidera- 


tions will render the general propoſition very doubtful. 


Fiſhes ſwallow and digeſt living crabs, lobſters, &c. 


The leech is concocted by the human ſtomach, though it 


has no pores, and can ſuſtain a temperature equal to that 
of man. Cornelius found a ſnake half digeſted in a bird's 
ſtomach, but {till alive. Plot ſaw one eye conſumed, 
while the fiſh was alive. Jt ſeems therefore probable, 
that the gaſtric liquor acts alſo upon living things. Per- 
haps, likewiſe, it is ſometimes ſo changed, as to act on the 
ſtomach itſelf. "The following caſes communicated by 
Dr. Monro render this probable. A lady, that uſed to 
complain of pain in the ſtomach, died ſuddenly. Upon 
opening the body, a hole was found in the left ſide, and 
the coats were relaxed as if they were half putrified. 
There were no appearances of gangrene. A boy died 
after having long ſtruggled with ſimilar pains. The ſto- 
mach exhibited the very ſame appearance, if we except 
the hole. From the preceding ſymptoms, one may ven- 
ture to ſuppoſe, that ſome alteration was produced before 
death. But this is only conjecture, and future experi- 
ments muſt determine the queſtion, 


X 4 „ 


n 1 


the bile and pancreatic juice in the duode- 
num, is changed into a mild blood and in- 
odorous liquid, which is denominated chyle. 
The chyle is abſorbed by numberleſs veſſels, 
and is carried by the thoracic duct into the 
ſubclavian vein, in order to repair the conſtant 
waſte of the body. | os 
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DI. ESP 


By Mr. G O'S 8 E. 


As they are related by Mr. SENEBIER, in 
his ConsIDERATIONS. on the Mop in 
which SPALLANZANI conducted his RE- 

' SEARCHES on the ſame FUNCTION. 


2 HE experiments of Spallanzani on Di- 
geſtion fo clearly illuſtrate the ſabject, 
as to leave nothing further to be defired re- 
ſpecting the concoction of ſolid food! And 
though his experiments on himſelf put the 


finiſhing hand to his reſearches, they are not 
however ſufficient to ſatisfy every queſtion 


that may be aſked —For what happens to 
the food while it continues in the ſtomach ? 
When does © digeſtion begin? When does 
it end? What kind of food is moſt eaſy of 
digeſtion ? To ſuch queſtions, the event of 
experiments made with ſilver tubes ſwallow- 
ed full of meat, and afterwards voided with 
the excrements, can afford no ſatisfactory 
reply. To aſcertain theſe particulars, it was 
neceſſary to be able to vomit at will, with- 
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out injuring the ſtomach, an advantage really 
poſſeſſed by Mr. Goſſe. The experiments 
of this gentleman were made with the 
utmoſt care; and being ignorant of the 
reſearches of Spallanzani, and having 
adopted no ſyſtem, he obſerved the phæno- 
mena only; but theſe he obſerved with the 
eye of an experienced naturaliſt, an able 
chemiſt, and an ingenuous philoſopher, who 
1egarded truth above all things. His inqui- 
11es were directed to the benefit of his own 
health; had he enjoyed greater leiſure, he 
would have directed them to the advance- 
ment of ſcience. Mr. Goſſe, at my requeſt, 
ſent me an account of his experiments, with 
permiſſion to inſert them in this preface; 
and to ſubjoin ſuch obſervations as I might 
think proper, he himſelf not having annexed 
any. T N N 


OBSERVATIONS ON SWALLOWING AT- 
MOSPHERIC AIR. 


Mr. Gofle, when a boy, acquired the art 
of ſwallowing air ; he conceived the idea, in 
conſequence of feeling ſome acidity in his 
ſtomach; the air excited vomiting, which 
relieved him. He had ever afterwards re- 
courſe, in his indigeſtions, to the ſame re- 
medy, and it conſtantly operated with- 
out nauſea or fatigue to the ſtomach : by 
drinking ſome water, and then throwing it 
up, he contrived to waſh this organ, as well 
as if he had held it in his hand. Finding 
himſelf in poſſeſſion of ſuch an advantage, 
he thought of making ebſervations on di- 
geſtion, which he began to do in 1760. : 

n 
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In order to introduce air into his ſtomach 


He held his breath, ſhut his mouth, preſſed 


the air againft his palate, and thus obliged it 


to deſcend like any other ſubſtance, by the 
exertion of the muſcles of deglutition. Its 
paſtage along the eſophagus was rendered 
ſenſible, both by the ſpace it occupied, and 
the noiſe it made. 

By this method, in appearance fo fimple, 
though not very eaſy to practiſe, he excited 
vomiting at pleaſure : he ſuppoſes the effect 
to be produced by the dilatation of the air, 
which is occafioned by the warmth of the 
ſtomach, for the colder it was, the leſs was 
neceſſary. Every mouthful of air was nearly 
equal to a cubic inch. 

Two mouthfuls, at a temperature of 4? or 
2 above the freezing point, ſwallowed when 
his ſtomach was empty, occaſioned a pain- 
ful tenſion, which could only be removed 
by evacuating the air and taking food. 
When he wiſhes to vomit ſeveral times in 
ſuccefiion, he is obliged to ſwallow freſh air 
every time, till nothing but this fluid un- 
mixed comes from the ſtorhach. | 

We have here a new emetic, {6 gentle in its 
operation, that it would be of great uſe to the 
fick if they could take it, or if an eaſy way 
of adminiſtering it could be contrived. 


GENERAL EXPERIMENTS ON DIGESTION. 


I. Mr. Goſſe, being in perfect health, took 
at dinner ſoup made of lean ſalt beef, with 
common bread of Paris, and chopped herbs, 
among which were chevril, borage, and 

Rs "A onions; 
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onions; he then eat lean beef with ſalt, and 
afterwards ſpinach boiled in broth, with the 
ſame bread baked the day before, and proba- 
bly fermented with 2 he drank red wine 
of Orleans. Half an hour after dinner, he 
ſwallowed ſome air and vomited: he found, 
that the food, though well maſticated, had 
undergone ſcarce any change; the ſeveral 
things he had taken retained their taſte, and 
their weight was nearly the ſame as .at firſt, 
a ſmall quantity of gaſtric liquor being only 
mixed with them. 1 

II. Having made the ſame dinner another 
day, he ſwallowed an equal quantity of air 
an hour afterwards, and after vomiting, found 
the food reduced to a pulp, with which there 
was mixed much gaſtric fluid. The taſte of 
the aliments was not much changed, except 
that of the wine, which was now much 
milder; the gaitric juice had produced an 
addition of weight; but though the food 
had lain an hour in the ſtomach, it did not 
ſeem to have undergone any degree of fer- 
mentation. | 

III. He repeated the experiment two hours 
after a dinner of the ſame kind. The ali- 
ments were, as before, reduced to a pultaceous 


maſs, but there was no change of taſte, nor 
any indication of fermentation ; he could, 


however, recover only half of what he had 
eaten. — 


CONSEQUENCES OF THESE EXPERIMENTS. 


Theſe experiments agree with thoſe of 
Spallanzani. The food, we ſee, is not dif- 
ſolved till it is mixed with gaſtric liquor: 
_ the 
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the juices of the ſtomach act with great 
celerity, for in about an hour and an half they 
change the food into a pultaceous matter, 
and render it fluid, without however alter - 
ing its nature: when digeſtion is properly 
carried on, there is no appearance of acidity 
or alkaleſcence: the food does not all fer- 
ment, and the proceſs of digeſtion is not 
compleated, till between two and three hours 
have elapſed. ä | 

The experiments of Mr. Goſſe confirm a 
conjecture I had formed, upon the cauſe 
which obliges the gaſtric fluid to iſſue from 
the glands by which it is ſecreted. I enter- 
tained a ſuſpicion, that the weight of the 
food forces out this liquor, by ſtretching the 
internal coat of the ſtomach, juſt as the ſame 
effect is produced by ſtretching it with the 
hand after the death of the animal. In reality, 
the weight of the food is ſcarce changed 
during the firſt half hour; the tenſion muſt 
be continued longer, in order that there may 
be an aflux of gaſtric liquor. Further, when 
Mr. Goſſe drank milk, it required above half 
an hour to curdle : whence we may conclude, 
that at firſt there is no gaſtric fluid in the 
ſtomach, and that the milk preſſes it out by 
its weight when it has continued in the 
ſtomach ſome time. 


EXPERIMENTS TO DETERMINE THE DE. 
GREE OF DIGESTIBILITY OF 'DIFFE= 
RENT KINDS OF FOOD. | 


Mr. Goſſe having obſerved what happens 
in his ſtomach in the ordinary progreſs of di- 
geſtion, withed to know, by means of vomit- 
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ing, the reſpective digeſtibility of various 
kinds of food, that he might 8 ſuch as 
would beſt agree with him. The followin 
is the reſult of his experiments, as divided 
by him into three claſſes. _ | 
The firſt contains fach matters as ap- 
peared to him not to be digeſtible. The 2 
cond, ſuch as were in part digeſted. The 
third, thoſe of eaſy digeſtion. 


I. SUBSTANCES NOT DIGESTIBLE, OR 
SUCH AS WERE NOT DIGESTED IN THE 


ANIMAL SUBSTANCES. 


I. The tendinous aponeurotic parts of 
beef, veal, pork, poultry, ſcate. 
II. The vozes. | | ; 
III. The oy or fatty ſubſtances of theſe 
animals. | 
IV. The white o an egg indurated by heat. 


VEGETABLE SUBSTANCES. 


V. Oily or emulſive ſeeds, ſuch as wal- 
nuts, almonds, nuts, pine-kernels, piſtacchio 
nuts, grape-ſtones, the ſeeds of les: pears, 
oranges, lemons, olives and cocoa. 

VI. Unctuous o1ls expreſſed from walnuts, 
almonds, nuts, and olives. 

VH. Dried grapes, well maſticated, re- 
mained in his ſtomach for two days. 

VIII. The ein of freſh grapes. 
IX. The ſkin or rind o farinaceous ſub- 
ſtances, as peaſe, beans, lentil, wheat, barley. 
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X. The pods of peaſe and kidney beans. 
XI. The ſkin of ſtone- fruits, as cherries, 
apricots, plums, peaches, damaſcenes. 

XII. The huſk of fruits with grains or 
ſeeds, as of apples, pears, oranges, lemons. 
Conſerves of oranges and citrons, notwith- 
ſtanding the preparation they undergo, are 
very dithcult of x2 ion, 

XIII. The capſules of fruits with grains, 
as of apples and pears. 

XIV. Ligneous ſtones, as thoſe of cherries 
and plums. | 

It ſhould be obſerved, that theſe ſeeds do 
not, any more than the emulſive, loſe their 
vegetative power by lying in the ſtomach ; 
the germination of ſome 1s forwarded by 
continuing there. How many plants fail to 
. grow, becauſe their ſeeds are kf perſed with- 
out manure or ſuſtenance ? Bitterſweet, (- 
lanum dulcamara) miſletoe, hemp, and other 
plants, which ſometimes grow upon trees, 
e e by means of the excrement of 

irds. 


II. SUBSTANCES LESS INDIGESTIBLE, 
PART OF WHICH MR. GOSSE DIGESTED. 


ANIMAL SUBSTANCES. - 


I. Pork dreſſed in all the different me- 
thods. | : 
II. Black-puddings. 

III. Volk of eggs roaſted. 
IV. Fritters of eggs. The eggs almoſt 
conſtantly acquired an alkaline character, and 
a taſte of liver of ſulphur, produced by the 


alkali 


- 


T 


alkali in the white, and the ſulphur diſ- 
covered by Mr. Deyeux in the yolk. - _. 
V. Fried eggs and bacon were very diffi- 
cult of digeſtion. The fat of the bacon pre- 
vented the alkaleſcence of the eggs, but aci- 
dity often enſued. HF 32 


 VEGETABLE-<SUBSTANCES. 


VI. Sallad of raw herbs, as lettuce, dande- 
lion, crefles, ſuccory. The bitterneſs of ſome 
of theſe herbs ſeemed to facilitate digeſtion. 
The oil and vinegar uſed for ſeaſoning ſallad 
tend to retard digeſtion, but it is pro- 
moted by the falt and pepper. Mr. Goſſe 
could not long continue the uſe of raw ve- 

tables, on account of the acidity they pro- 
duced. 8 
VII. White cabbage ſeemed leſs eaſy of 
digeſtion than the red, and the nerves of the 
leaves, leſs than the parenchymatous ſub- 
flance. © | | 15 8 

VIII. Beet, cardoons. | 
IX. Boiled and raw onions and leeks. 

X. Roots of ſcurvy-graſs, red and yellow 
carrots, and fuccory, are more difficult to di- 
geſt in fallad, than in any other way. 

XI. The pulp of fruit with ſeeds, when 
it is not finid. FT | 
XII. Warm bread, on account of the 
ſtrong acidity it produces. 

XIII. Figs, freſh and dry. | 

XIV. Sweet paſtry occaſioned an inſup- 
portable acidity. | 

XV. All theſe ſubſtances became more 
difficult of digeſtion, when they were fried 


in butter or oil. | 
© Mr. 
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Mr. Goſſe further remarks; that theſe ſe- 
veral kinds of food, if they ſhould not be 
quite diſſolved in the ſtomach, are digeſted 
in their paſſage through the inteſtines, whe- 
ther by a continuation of the action of the 
gaſtric liquor, or on account of the admix- 
ture of the bile, pancreatic juice, &c. 


III. SUBSTANCES EASY Of DIGESTION, 
SUCH AS ARE REDUCED TO A PULP IN 
AN HOUR, OR AN HOUR AND HALF. 


ANIMAL SUBSTANCES. 


I. Veal, lamb; and in general the fleſh of 


young animals, is ſooner digeſted than of the 
old. All kind of Poultry, and eſpecially ſuch 
as is young. a 
II. Freſh eggs not hardened by boiling-- 

HI: Cow's milk. = | 
IV. Perch boiled, with a little: ſalt, with 
parſley, When it is well fried, it does not 
digeſt ſo well, and the ſame thing happens 
when it is ſeaſoned with oil, wine and White 


. 


ſauce. 


VEGETABLE SUBSTANCES. 


V. Herbs; as ſpinach. mixed with ſoftel, 
are leſs eafily digeſtible. Celery, but the 


nerves do not yield ſo readily. - The tops of 


aſparagus, hops, and the ornithegallus of 
the Pyrenees, known by the name of mouns 


tai) OPS. Tiki: Ds Rs + 
VI. The bottom, or the placenta of arti- 
chokes. EEE 4 Se 1 


. * * VII. 
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VII. The boiled pulp of fruits with ſeeds 
and ſtones, ſeaſoned with ſugar, becomes 
more eaſy of digeſtion. _ 

VIII. The pulp or meal of farinaceous 
ſeeds, as wheat, barley, rice, maize, peaſe, 
beans, cheſnuts, &c. roaſted cheſnuts arg 
more difficult of digeſtion. 

IX. Different ſorts of wheaten bread, 
without butter, the ſecond day after baking, 
The cruſt ſeemed to him more digeſtible than 
the crumb. The ſalted - bread of Geneva, is 
ſooner digeſted than the Pariſian bread made 
without falt. Bread of rye and buck-wheat 
does not digeſt fo well; the ſame obſervation 
may be applied to brown bread, in pee 
tion as it contains more bran. 

X. nee turneps, potatoes, parſneps of 
good quality, and not too olc. 

XI. Gum Arabic; but the acid of this 
ſubſtance is ſoon felt. The Arabians, per- 
haps, among whom it is an article of food, 
og this effect * ſome e 


SUBSTANCES WHICH FACILITATED MR. 
GossE's DIGESTION. 


I. Sea or common falt. 


II. Spices, as pepper, cannella, nutmeg, 
cloves. 


III. Muſtard, ſcuryy-graſs, } horſe-radiſh, 
in. | 
IV. Capers. 


V. Wine, ſpirituous liquors in mall quan- 
tities: 


VI. Cheeſe, and more eſpecially old cheeſe. 
VII. Sugar. 


> VIII. Various bitters. 
n EY Sv B- 
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SUBSTANCES WHICH RETARDED HIS 51 


GESTION, 


I. Water, particularly when hot, taken in 
— quantities. It occaſions the food to 
paſs into the inteſtines, without being pro- 


erly diſſolved. 
V II. All acids. 


III. All aſtringents; twenty-four grains of 


Peruvian bark, taken half an hour after din- 


ner, ſtopped digeſtion. _ 

IV. All unctuous ſubſtances. - 

V. A ſtrong decoction of bitter-ſweet pre- 
vented, upon one occaſion, the digeſtion of 
the moſt digeſtible ſubſtances, and they 
turned ſour. | 

VI. A grain of kermes, taken after dinner, 
produced the fame effect. Sh 

VII. As alſo did a grain of corroſive ſub- 
limate. - 

Laſtly, He obſerved, that employment, 
after a meal, ſuſpended or retarded digeſtion ; 
as likewiſe did leaning with the breaſt againſt 
a table. He remarked that repoſe of mind, 
a vertical poſition of the body, gentle ex- 
erciſe after taking food, were favourable to 
digeſtion, 

he benefit which medicine and the health 
of mankind may derive from ſuch experi- 
ments 1s obvious. It were to be withed, 
that they ſhould be repeated and varied, by 
making trial, for inſtance, of two or three 

different kinds of fruit at once, &c. 

- The reſults of Mr. Goſſe's experiments 
are different from thoſe of Mr, Reuſs, as 


related 
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related in a Diſſertation printed at Edin- 
burgh in 1768. He examined the ſtate of 


his food three hours after having taken it; 


but he took an emetic in order to bring it 
up; now it is obvious, that an emetic diſor- 
ders the ſtomach, and that in three hours, 
food of every kind muſt undergo too great 
changes, to ſhew the reſpective digeſtibility 


of various ſubſtances. 
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DISSERTATIONS, 


„ DIS S E RT L 


INTRODUCTION, 


RE ASONS of the author for treating concerning Di- 
geſtion. Syſtems relative to this function Page 5 

I. The digeſtion of animals with muſcular ſtomachs 
owing to mere trituration, according'to ſeveral authors. 
This « opinion extended by them to all other animals 7 
II. Reaumur's experiments on one kind of grain, whence 
he infers, that the reduction of the food to pieces is the 
effect of trituration alone in birds with muſcular ſto. 


machs or gizzards . 8 
III. Reaumur's experiments extended by the author to 
other grain — — ib. 


IV. Variation of theſe experiments 

V. Other variations of them by previouſly macerating 
the grain in the craw of gallinaceous fowls — 10 

VI. By taking off. the ſkin ib. 


VII. The fame ſubjected to freſh trials in a turkies, 
geeſe, doves, and pigeons — ib. 
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IX. A neceſſary precaution — — p. IF 
X. Tin tubes broken and diſtorted in the gizzards of 
turkies "db; 
XI, liable to the fame accidents. though ftrengthened 
with iron wire, injuries {till more ſurprizing — 12 
XII. A full confirmation of the Florentine experiments, 
concerning the trituration of empty glaſs globules in 
the ſtomach of gallinaceous fowls, the longer they 
remain in the ſtomach, the more finely are they pulve- 
rized. The facility with which they are broken, in pro- 
portion to the ſize of the animal 13 
XIII. Profeſſor Pozzi denies the trituration of theſe balls 


XIV. Valliſneri miſtaken, in ſuppoſing that theſe effects = 
produced by the gaſtric fluid — — 15 
XV. Pieces of glaſs loſe their edges and points by con- 
tinuing in the gizzard of a cock — ib. 
XVI. Angles of a large garnet abraded in the cinzard of 


2 pigeon — — — 16 
XVII. Coats of the gizzard not hurt Eby 7 theſe nas 
XVIII. Large needles fixed in a Jegilen ball, broken by 

the action of the gizzard of a turkey, without i inj ury to 

that organ. Injury done to the ball — 18 
XIX. Lancets broken in the ſame manner — ib. 
XX. Time requiſite for theſe effects to be produced 19 
XXI. The gizzard of young fowls ſometimes a little hurt 

by the metallic points — — ib. 

XXII. Why does not the 8 8 ſuffer fr from thoſe _ 
ſtances — 

XXIII. Whether, as "ME ſuppoſe, "Kiba the bibles 
that are N found in it reduce theſe hard ſubſtances 
to pieces — ib. 

XXIV. This is a mere hypotheſis, and d ſhould be verified. 
by experiment „ 

XXV, XXVI. No Ron the opinion of the 
Florentine academicians, that hard bodies are more 
eaſily broken, the more pebbles the bird has in its giz- 


zard — — — — ib. 22 
XXVII. Means contrived for aſcertaining the uſe of theſe 
* 3 - — — ib. 

: XXVIII. 
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XXVIII. When moſt of them are come away, the effects 
of trituration not at all diminiſhed. The gizzard not 


hurt by ſharp bodies when it contains no ſtones 23 
XXIX. Pebbles in the gizzard of neſtlingss — 2 


XIX. When it is proper to examine theſe birds, in order | 


to find their gizzards without ſtones, Thoſe without 
them break down hard and ſhort bodies without ſuſ- 
XII. 09 in} Jury 25 
he queſtion Sede, where: Ggeſtion epi 

on theſe ſtones — ib. 
XXXII. Deciſion of other curious e — 26 
XXXIII. Fowls of this claſs do not ſeem to ſeek them 
from deſign, but only to ſwallow them becauſe they 
are mixed among their food 


XXXIV. Trituration is the immediate effe of the Be. | 


tric muſcles — . 
XXXV. Nature of the ern coat of the gizzard, It 
is divided by drawing ſharp ſubſtances over it ib. 
XXXVI. Not ſo when they are ineloſed and agitated 23 


the hand | — 
XXXVII. W 8 obſervations on the living a bia 

Slight motion of it 2 
XXXVIII. Similar motion cb byt the nahi 5 


XXXIX. Whether the gaſtric muſcles alfo change the 


food into that pultaceous maſs called chyme, Facts af. 
fording room to ſuſpect, that the Saen fluid I 
this effect — — 31 
XL. Other facts that add frength to theſe ſuſpicions 32 
XLI. Deciſive experiments in favour of this opinion 33 
XLII, XLIII. Others equally decifive—Precaution 34—36 
XLIV, XLV. Hoy an e of Reaumur ought 
to be underſtood — 36—38 
XLVI. To uncerſtand Agent ene 3 it is neceſſary 


to examine the ceſophagus and gizzard likewiſe. De- 


ſcription of the c-fophagus of a gooſe — 39 
XLVII. Numerous follicles of different ſizes in it. Ex- 

cretory ducts, and the fluid that oozes out — 40 
XLVIII. Deſcription of the ſtomach. Largeneſs of the 


muſcles. Their action. Cartilaginous coat 


41 
XLIX. Aſophagus and gizzard of the fowl and turkey. 


Follicles, Fluid. Craw, and its & — 5 
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IX. A neceſſary precaution — — p. IT 
X. Tin tubes broken and diſtorted in the gizzards of 
turkies — ib, 
XI. liable to the ſame accidenth. FEET ſtrengthened 
with iron wire, injuries {till more ſurprizing — 12 
XII. A full confirmation of the Florentine experiments, 
concerning the trituration of empty glaſs globules in 
the ſtomach of gallinaceous fowls, the longer they 
remain in the ſtomach, the more finely are they pulve- 
. The facility with which they are broken, in pro- 
portion to the ſize of the animal 13 
XIII. Profeſſor Pozzi denies the trituration of theſe balls 
— o——e I 
XIV. Valliſneri miſtaken, in ſuppoſing that theſe effects 55 
produced by the gaſtric luid  — — 15 
XV. Pieces of glaſs loſe their edges and points by con- 
tinuing in the gizzard of a cock —.— ib. 
XVI. Angles of a large — abraded in the gizzard of 
2 pigeon — — 16 


XVII. Coats of the gizzard hint hurt 0 5 theſe ſubſtances 


— 


XVIII. Large needles fixed in a leaden ball, 1 by 

the action of the gizzard of a turkey, without i injury to 
that organ. Injury done to the ball — 18 
XIX. Lancets broken in the ſame manner — ib. 
XX. Time requiſite for theſe effects to be produced 19 
XXI. The gizzard of young fowls ſometimes a little hurt 


by the metallic points — — ib. 
XXII Why does not the gizzard fulter fr from thoſe m_ 
ftances  — — 


XXIII. Whether, as ſome ſuppoſe, e the pebdler 
that are e found in it reduce theſe hard ſubſtances 


to pieces — ib. 
XXIV. This is a mere hypotheſis, = and 4 mould be verified. 
by experiment „„ 


XXV, XXVI. No 8 = the opinion of the 
Florentine academicians, that hard bodies are more 
eaſily broken, the more pebbles the bird has in its giz- 


zard — — — — ib. 22 
N Means contrived for aſcertaining the uſe of * 
i XXVII. 
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XXIII. When moſt of them are come away, the effects 
of trituration not at all diminiſhed. The gizzard not 
hurt by ſharp bodies when it contains no ſtones 23 

XXIX. Pebbles in the gizzard of neſtlings — 24 

XXX, When it is proper to examine theſe birds, in order 
to find their gizzards without ſtones, Thoſe without 
them break down hard and ſhort bodies without ſuſ- 
taining any injury | 25 

XXXI. The queſtion decided, whether: digeſtion * 
on theſe ſtones _ — — ib. 

XXXII. Deciſion of other curious queſtions - — 26 

XXXIII. Fowls of this claſs do not ſeem to ſeek them 
from deſign, but only to ſwallow them becauſe they 
are mixed among their food 


XXXIV. Trituration is the immediate effect of the ol | 


tric muſcles _ 28 
XXXV. Nature of the inter coat of the gizzard. It 
is divided by drawing ſharp ſubſtances over it ib. 
XXXVI. Not ſo when they are ineloſed and agitated by 
the hand — — 29 
XXXVII. Reaumur's e on the living 5 ginnen 


Slight motion of it — 39 


XXXVIII. Similar motion obſerved 171 the authag 


XXXIX. Whether the gaſtric muſcles alſo change the 


food into that pultaceous maſs called chyme, Facts af 
o__ room to tuſpect, that the galls fluid L 
this effect —— 31 
XL. Other facts that add firength to theſe ſuſpicions 2 


XLI. Deciſive experiments in favour of this opinion 33 


XLII, XLIII. Others equally decifive—Precaution 34—36 
XLIV, XLV. How an N of Reaumur ought 
to be underſtood _ — 36—38 
XL VI. To underſtand digeſtfon en it is neceſſary 
to examine the ceſophagus and gizzard likewiſe, De- 
{cription of the c-ſophagus of a gooſe — 39 
XLVII. Numerous follicles of different ſizes in it. Ex- 
cretory ducts, and the fluid that oozes out — 40 
XLVIII. Deſcription of the ſtomach. Largeneſs of the 
muſcles. Their action. Cartilaginous coat 41 
XILIX. Q ſophagus and gizzard of the fowl and turkey. 
Follicles, Fluid. Eraw, and its glands — 7 


E Nn . 
L. CElophagus and gizzard of other nene fowls 


pe 2 
LI. No appearance of glands i in the gizzard. | Whether 
any fluid can come into it by any other means. Suſ- 
picion of Reaumur on this ſubject.” Experiments ib. 
LII. Liquor falls in plenty out of the eee into the 
ſtomach 45 
ILIII. Bitterneſs of the gaſtric fluid occaſioned dy the bile 


— — — | i — 
LIV. Maceration in the gizzard, the firſt ſtep towards 
digeſtion. The manner in which it paſſes from the 


craw to the Sizzard — — 46 
LV. No trituration in the craw. Changes he food un- 
dergoes in the gizzard — 47 
LVI. Artificial digeſtion. The gaſtric did me more effica- 
cious than water — — — 48 


LVII. The ſame. 8 precaution — 586 


DISSERTATION It 


ON THE DIGESTION OF ANIMALS WITH INTER ME- 
DIATE STOMACHS. CROWS. -HERONS. 


LVIII. In what ſenſe crows can be called animals with 
intermediate ſtomachs — — — 51 
LIX. Ufe of experiments on crows, becauſe they, like 
man, are omnivorous. Very convenient on account 
of their throwing up indigeſtible bodies — 52 
LX. The ſtones in the ſtomach more eaſily evacuated 
from crows than gallinaceous Birds. Not requiſite for 
digeftion. Swallowed ogy: becauſe they happen to be 
mixed among the food — _ > 
LXI. Gaftric fluid SS TN of diſſolving entire grains 


LXII. But it diflblves bruiſed ones. The WAI ET + 
action of the ſtomach does not contribute to this ib. 
LXIII. Variation of theſe experiments — 56 
LXIV. Tender vegetables 8 and ſoon diſſolved by 

crows | — — 57 
LXV. Fleſh A ed ode the concurrence of muſ- 


cular action. Manner of action of the gaſtric fluid ib. 
5 LXVI, 
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LXVI, LXVII, LXVIII. Experiments ſhewing, that che 
| digeſtion of the fleſh is nearly proportional to the quan- 
tity of gaſtric fluid by which it is inveſted 59, 60—62. 
LXIX. Gaſtric fluid of neſtlings more efficacious than 

that of adult ones — 63 
LXX, LXXI, LXXII, LXXIII. 4 error of . 
Gaſtric fluid of crows incapable. of D hard 
bones Diſſolves tender ones 64—67 
LXXIV. Whether the œſophagus of this bird will dif- 
ſolve fleſh like that of ſome fiſhes — 6 


7 
LXXV. C£ſophagus of the crow deſcribed. The f follicles 


and the fluid — 68 
LXXVI. The ſtomach deſeribed—its ode and their 
liquor — — — 69 
LXXVII. Eſophageal juices produces ſome concoction 
1 85 O 
LXXVIII. The ceſaphagus of We more efficacious 
in this reſpect _ 71 
LXXIX. Th he whole length capa! of abated ib. 
LXXX. The craw of e birds does not digeſt 
food 2 


LXXXI, LXXXII, LXXXIII. Conve 18 of Nay 


curing gaſtric fluid from crows without killing them. 
Its abundance. Its qualities. Is N ſecreted 
into the ſtomach — 72—75 
LXXXIV. The œſophageal fluid procuredi bes way. 
Its ſmall quantity. Bile gets into the ſtomach. The 
reaſon why the ſtomach n faſter than the œſopha- 
gus 
LXXXV. Gaſtric fluid out of the body ind in the cali 
not more efficacious than water 77 
LXXXVI. But when heat is applied, it chen produces 
ſolution Difference between its effects and thoſe of 


water — 78 
LXXXVII. Scree concoction of animal 2 60 getable 
matters by the gaſtric fluid in the ſun — 79 


LXXXVIII, LXXXIX, XC, XCI. Fleſh immerſed in 
gaſtric fuid, not diſſolved in the ſpace of a few hours, 
within tubes perfectly cloſe and introduced into the ſto- 


mach. Some inſufficient conjectural explanations of 


this phxnomenon. The true reaſon. Reflection on 
the importance of heat in theſe experiments 80—84 
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xl. Gaſtric fluid diluted with a great deal of water, 
produces ſolution in a briſk heat — 85 
XCIII. Herons have an intermediate ſtomach. De- 
ſcription of it. Liquor ſecreted from the nervous 
coat into the cavity of the ſtomach, not by glands, but 
probably by arteries _ — 


XCIV. Stomach of herons always contains gaſtric fluid. 
Its qualities. Gall-bladder. The «cel duct pro- 
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bably- inſerted into the duodenum 88 
XCV, XCVI. Deſcription af the <ſophagus Its fol- 
licles and liquor — ib. 


XCVII. Stomach of herons compreſſes its contents. 
_ Digeſtion, however, does not depend on this action, 
but on the gaſtric fluid alone _ — 9 

I XCvTIl. That of the heron more efficacious in e 

4 * bone than that of the crow — 91 
=» XCIX, C. The oeſophagus of herons cable: of pro- 
dueing a ſenſible degree of digeſtion — 93, 94 

CI. Proportion between the concoction of the ceſophagus 
and ſtomach — — 95 

CII, CIII. Compariſon i birds with muſcular Fs 
thoſe with intermediate ſtomachs, with reſpect to di- 
geſtion — — — 96, 97 


DISSERTATION III. 


OF THE DIGESTION OF ANIMALS WITH MEMBRANOUS 

 STOMACHS. THE FROG. NEW:T. LAND AND 
WATER=-SNAKE. n FISHES. SHEEP. OX. 
HORSE. 


CIV. Reaſons for treating this An in W diſſer- 
tations — 99 
CV. Singular way in which the oaſiric fluid of the frog 
in a day's time begins to diſſolve fleſh — 100 
CVI. In a longer time it diflolves it completely without 
the action of the gaſtric muſcles. Slowneis of this 


proceſs — — 101 
CuII. In time it diſſolves bone _ 102 
CVIII. The gaſtric fluid of water-newts more ſpeedy in 
producing its effects than that of frogs — 103 


C1X. 
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CIX. Diſcovery of two ſpecies of worms in the ſtomach 


of this animal 104 
CX. Deſeription. Reaſon” for ſuppoſing t that one ſpecies 
is hermaphrodite and oviparous _ 106 
CXI. Stomach of this animal the adds of theſe 
worms — _ — 107 
CXII. Similar worms between the internal and nervous 
coat in crows 108 
CXIII. This is a certain my that the 12 of the 
water-newt has no ſenſible action . 


CXIV. The reaſon why inſects that ſerve the newt "oe 
food are digeſted, and yet this never Wires to the 
worms 110 

CXV, CXVI. Defcription- of the ſtomach 8 and ceſopha- 

us in ſome land- ſnakes — — 111—113 

CXVII. Means contrived by the author, for obſerving 
the various changes the food undergoes in the 1 
of ſerpents without killing them — m — 113 

CXVIII. Gaſtric fluid of itſelf capable of digeſting fleſh 
in certain land-ſnakes. Slowneſs of this proceſs 114 

CXIX. The fame leſs ſow, as the heat is leſs tough, and 

the gaſtric fluid has freer acceſs — 115 

CXX. &. ſophagus and ſtomach of water-ſnakes (deno- 
minated natrices) very like thoſe of land- ſnaxkes 116 

CXXI. In them digeſtion is the effect of the n * 
alone 
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alſo 
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other animals — 118 

CXXIV. Vipers eib ſnakes in the form of the ceſo- 
phagus and ſtomach, and in the mode of digeſtion 119 
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ITALIAN, LATIN, &c. Pas$a623, 


Page 117. Come le rane, &c. As frogs ſec ur along 
the. water, at the approach of the water-ſnake, without 
ſtopping, till they have gained the dry ground. 
Page 202. Rixeptum eff, &c, It is commonly ſup» 
poſed that animals can digeſt bone: Boerhaave formerly. 
followed the opinion of Van Helmont. To attain greater 
certainty, he obſerved with care what happens to food in 
the ſtomach of animals of powerful digeſtion: he found 
that bone is not digeſted. 
He gave an hungry dog fome inteſtine, which were 
eagerly devoured, but inſtead of being concocted, they 
were partially voided, and hanging out at the anus, tor- 
mented the poor animal. He afterwards gave another 
dog ſome bones anointed with butter; but nothing was 
difiolved, except what water will diſſolve. Of fleſh, the 
dry and expreſſed fibres were voided, and ligament, in 
paſſing through the alimentary canal, underwent no 
change. 

Page 208. In the excrement of the dog, we find 
fragments of bone little altered. It is merely reduced to 
pieces; the ſucculenee is expreſſed, and the fragments 
are formed into one mas. 
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tween heat and when infert a3—P. 90. L. 6. for are read i: g7. 1. 13. for 
inflituating read infirivate—P. 109. I. 17. for rooks read raveri—P. 116, I; 
21. for came read come—P. 118. I. 15. between wwifpcd and very infert i: 
Ditto l. 16. for progreſs read proceſs —P. 124. l. 4+ for int read into—P. 127. 
I. 32. for ejected read rejeFed—P. 128. I. 48. for barbels read barbel—P. 
t35- 1. 21. for or read nor P. 140. 1. rg. for ail read axilla—P. 143. 
I. penult. for they read ii—P. 152. l. 5. for where read when—Ditto l. 244 
for crow read-ow!/—P. 155. K 33. for c read ſcreech-owul—P, 163. I. 15. 
after for inſert a;—P. 185 I. 26. for ix read 7 P. 171. l. 32. for bebeld 
read bebold—P. 172. I. 10. dele one. P. 173 1-19. after only inſert would=2 
P. 194. I. 24. for were read 2b. P. 201. þ 16. before appeared inſert 25 
P. 207. l. 4. after examine infert them — P. 215. l. 11. fer are read is P. 
219. J. 21. for analogus read analogous— P. 231. I. 33. dele iP. 274. I. 7. 
for Gardana read Gartanc—P. 290. I. 14. after in infert 2: P. 292. l. 30. 
for choſe read choſe -P. 293. l. 25. dele =P. 206. l. 2 r. for miaſma re ad 
magma P. 311. I. 27. the words in the part that has been omitted ſhould have 
been at the bottom of the page P. 316. I. 2. dele Sead. | 
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